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Summary 
The work p r e s e n t e d i n the t h e s i s i s based i n p a r t on 
i n v e s t i g a t i o n of the c o n s t i t u e n t s of the medicinal herb 
Desmodium sequax from which s i x f l avono ids were i s o l a t e d 
through a p p l i c a t i o n of chromatographic t echn iques . The Havoncdds 
were i d e n t i f i e d as (107) , (108) , (109) , (110) , (113) and (114) 
on the b a s i s s p e c t r o s c o p i c s t u d i e s d i scussed a t l e n g t h i n the 
t h e s i s . 
(107) 
OCH^ 
(108) 
P ^ 
OCH, 
(110) 
H3C0.. 
(113) 
p ^ 
OCH. 
P N 
OCH. 
(114) 
( i i ) 
The major p a r t of the t he s i s i s devoted to a study 
of the react ions of t r i a c e t i c acid lactone and formylchromcne. 
The react ion of the former with moist e thyl orthoformate 
supplied a compound the s t ruc ture of which had been es tabl i shed 
e a r l i e r in the laboratory as (10). 
VThen exposed to nitrogenous bases such as ani l ine and 
phenylhydrazine. i t gave products the s t ruc tu res of which 
turned out to be ra ther unexpected. Detailed spectroscopic 
s tudies suggest s t ruc tu res (35a/35h), (44), (53a/53b) and (57) 
for these products. 
(44) 
H 
X-^o 
H 
0 . 0 NHPh 
(53b) 
(iii) 
(57) 
The reaction of formylchromone with ethyl vinyl ether 
gave (71) which was converted by C.K, Ghosh et.al. xo the 
aldehyde (72), Attempts were made to employ (71) as the 
starting material for some other heterocycles. Efforts to 
oxidise in situ the hydrolysis product (77) did not succeed but 
by working under controlled conditions (77) could be isolated. 
Though it resisted oxidation to a lactone it co'jld be rearranged 
to (106) which is being further studied in the laboratory. 
OEt 
(106) 
Uv) 
In a s epa ra t e experiment (71) was conver ted to (72) ana ( 7 6 ) . 
(76) 
The r e a c t i o n of these two compounds with phenylhydrazine 
suppl ied p roduc t s which were i d e n t i f i e d as (90 ) , ( 94 ) , (95)» 
(97) and (98) on the b a s i s of mechan i s t i c c o n s i d e r a t i o n s and 
s p e c t r a l da ta . 
(90) 
H H 
1 a 
PhHN-M ^ ^ ^ \ 
H 
N-NHPh % II V 
: ! 
NN / 
N 
Ph 
- ^ OH 
(94) 
(95) 
N~NHl'h 
(v) 
v^ 
(98) 
Further transformation of (90)^ (95) and (98) with rer .uxing 
nitrobenzene resu l ted in the formation of (93), (96) and (99). 
Ph-" ^ ^ N ' 
(93) 
N / ^Ph(OH) 
Ph 
(96) 
(99) 
The xanthone, wlghtionone was isolated from Calophyllum 
wightianum and identified as (116) earlier in this laboratory 
as a clathrate. The same compound was obtained by Ceylonese 
workers from Calophyllum zeylanicum and was given structure 
(115). 
(115) R'=R»-CH_-CH=C 
/ 
CH. 
CH-
( v i ) 
R R 
/«3 
I (116) R'= R = CH^-CH=C 
( l l 6 a ) R ' = H,R=CH2-CH=CH2 ^ 
An a t tempt was made to synthesize the model compound (1l6a) so as to 
provide a s y n t h e t i c proof of the c o r r e c t n e s s of (116) , In 
t h i s c o n t e x t the s t a r t i n g m a t e r i a l s (135) and (136) were 
syn thes i zed . 
(136) 
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I N T R O D U C T I O N 
INTRODUCTION 
The work d e s c r i b e d in the t h e s i s i s based in p a r t on 
the i n v e s t i g a t i o n of a med ic ina l p l a n t Dgsmodiijm sequax and 
in p a r t on the s y n t h e s i s of h e t e r o c y c l i c compounds from r e -
l a t i v e l y l e s s c o s t l y and r e a d i l y a v a i l a b l e s t a r t i n g m a t e r i a l s . 
The c o n s t i t u e n t s of med ic ina l p l a n t s have been the sub j ec t of 
i n v e s t i g a t i o n i n the l a b o r a t o r y for a l o n g t ime and t h i s work 
r e s u l t e d in the i s o l a t i o n of some novel n a t u r a l p roduc t s such 
as the s e sque te rpene c h e i l a n t h a r t r i o l and the xanthone, 
wight ianone . The i n v e s t i g a t i o n of Desmodium sequax was taken 
up because of t h e medic ina l p r o p e r t i e s a t t r i b u t e d to r e l a t e d 
s p e c i e s of t h i s p l a n t . Much work on Desmodiimi s p e c i e s has 
1 
been r e p o r t e d by Ghosal et.al. They i s o l a t e d a number of 
i ndo le a l k a l o i d s from i t . F l avono ids , and p t e r o c a r p a n e s have 
2 3 
a l so been r e p o r t e d * . I n t h e p r e s e n t i n v e s t i g a t i o n e f f o r t s 
were d i r e c t e d towards s e p a r a t i o n of a number of p h e n o l i c 
compounds which appeared on Tic p l a t e s of the e x t r a c t as f l u o -
r e s c e n t s p o t s . Chromatographic work iip of t h e chloroform 
e x t r a c t of D. sequax y i e l d e d f l avono ids which were sub jec ted to 
d e t a i l e d s p e c t r o s c o p i c a n a l y s i s . This r e s u l t e d in t h e i r i d e n t i -
f i c a t i o n as k a r a n j i n , l a n c e o l a t i n B, pongapin , 5'-niethoxy 
pongapin,kanujin and g l a b r a I I . Along with t h e s e 3-amyrin and 
a t r i t e r p e n e C^^H^AO, which could n o t be def ined s t r u c t u r a l l y 
because of i n s u f f i c i e n t s p e c t r a l i n fo rma t ion , was a l so ob ta ined 
and i s under s tudy . 
In the context of synthesis of heterocycles two 
different projects were undertaken. In the f i r s t an attempt 
was made to obtain new heterocycles from inexpensive and 
easily available s tar t ing materials. The compounds chosen 
were t r i a c e t i c acid lactone and 3-formylchromone. Triacetic 
acid lactone i s readily converted to 3-acetoacetyl-7-methyl 
pyrano [4,3-b] pyran-2, 5-dione(lO) through i t s reaction 
11 with ethyl orthoformate . The structure assigned to the 
product of t h i s reaction by ea r l i e r workers did not seem to 
be right in the l igh t of recent findings in th is field by 
Spanish workers. The revised structure(10) was established 
through detai led spectral studies in our laboratory ear l ie r . 
Since polyketomethylenes of th i s type offer many points of 
attack to nucleophiles and there i s a poss ib i l i ty of recycli-
sation to other heterocyclic systems 5-acetoacetyl-7-methyl 
pyrano[A,3-b] pyran-2, 5-dione(lO) was treated under hydro-
l y t i c conditions with various nitrogenous bases. The reactbn 
with phenylhydrazine and aniline led to compounds the structure 
of which though simple^needed much spectroscopic studies. 
Formylchromone similarly i s easily converted to 3-ethoxy-10-
0X0-4, 4a-dihydro-3H, 10H[1J benzopyran [2,3-d] pyran (71) 
with ethyl vinyl ether. This cyclic ether i s a key interme-
diate in the synthesis of fulvic acid by Dean £t.ad. but 
otherwise i t s potential as a s tar t ing material for heterocycles 
has not been Investigated so far. In an effort in this 
direction i t was gently hydrolysed under mild acidic conditions 
in acetone. The reaction supplied two compounds which were 
reacted with different nitrogenous bases and the resul ts of 
th i s vrork are discussed. Lastly, and in continuation of 
ea r l i e r work in the department, efforts were continued to\vards 
the synthesis of wightianone. This xanthone was isolated in 
the laboratory and a structure was assigned to i t in a joint 
study with Dr. F.M. Dean. This proposed structure i s in 
conflict with the one proposed ea r l i e r by Sultan Bawa e t . a l . 
As such i t was desirable to s e t t l e the controversy through 
sjnithesis. A number of routes were analysed in th i s context 
and are discussed in the final chapter. 
D I S C U S S I O N 
DISCUSSION 
The r e a c t i o n of 4-hydroxy-6--methyl--2H~pyrar'-2-one 
( t r l a c e t l c a c i d l a c t o n e ) wi th e t h y l o r thofo rmate : 
S a i l c y l a l d e h y d e r e a c t s wi th 4-hydroxycoumarin to give 
f \k 
a p roduc t to which e a r l i e r workers had a s s igned s t r u c t i i r e ( 1 ; . 
In a l a t e r s t u d y t h i s s t r u c t u r e was fotmd t o be un tenable and 
has been r e v i s e d to (2) . I n a s e r i e s of p a p e r s , Spanish 
' ' ^ ^ N . : ^ 
(1 ) ( 2 ) 
workers have shown t h a t s t r u c t u r e s of type (1) a re uns t ab l e 
and c o n s i s t e n t l y r e a r r a n g e t o type (2) s t r u c t u r e s through 
i n t r a m o l e c u l a r t r a n s l a c t o n i z a t i o n . Thus v^en s a l i cyl aldehyde 
was r e a c t e d w i th t r i a c e t i c a c i d l a c t o n e the i n t e r m e d i a t e (3) 
could not be i s o l a t e d and spontaneous i n t r a m o l e c u l a r r ea r range-
ment gave (A). 
(3 ) (A) 
During t h e course of e a r l i e r work i n the l a b o r a t o r y t r i a c e t i c 
a c i d l a c t o n e was t r e a t e d wi th mois t e t h y l o r thoformate i n the 
hope of o b t a i n i n g e i t h e r 3-formyl-4-hydroxy-5-methyl-2H-pyran-
2-one (5) o r p r o d u c t s r e s u l t i n g theref rom. With 4-hydroxy-
coumarin the r e a c t i o n had given 3-formyl-4-hydroxycoumarin(6) 
Q 
a long wi th small q u a n t i t i e s of the t r i m e r (7) . The.formation 
of >-formyl-4-hydroxycoumarin p robab ly i n v o l v e s the h y d r o l y s i s 
(6) 
OH 0 
(7) 
(8) 
OEt 
of (8) in t h e r e a c t i o n medium and the method c o n s t i t u t e s by 
f a r t h e most convenien t s y n t h e s i s of t h i s r e a c t i v e compound. 
The reac t ion of t r i a c e t i c acid lactone with ethyl 
orthoformate under s imi la r condi t ions , however, si?)plied a 
deep yellow product. This product had the same physical 
9 10 
constants as the compound obtained by Hirsch & Hoefgen ' 
They assigned i t s t ruc tu re (9) but s ince , as already noted, 
the s t ruc tu re s of t h i s type are prone to rearrangement i t 
11 
was f e l t t h a t the actual s t ruc tu re was (10) . This conclusi on 
(9) (10) 
appeared j u s t i f i e d by the deep yellow colour of the compound 
and i t s pos i t i ve f e r r i c reac t ion . The mass and nmr spectra 
were also in confirmity with s t ruc tu re (10). Since the 
compound gave good c r y s t a l s . X-ray ana lys is was also conducted 
and provided the f ina l proof of the v a l i d i t y of s t ruc ture (10). 
The compound corresponding to the basic nucleus of (10), 
7-methyl pyrano [A,3-b] pyran-2, 5-dione ( l l ) was f i r s t synthe-
s ised by Cheng and Tan through the condensation of t r i a c e t i c 
acid lac tone with malic acid in 85 or 100% sulphuric acid' '^. 
The react ion i s thus an extension of the Pechraann synthesis of 
coumarins 13 The condensation of t r i a c e t i c acid lactone with 
dimethylacetylenedicarboxylate yielded the 3-carboraethoxy 
der iva t ive (12) which could also be converted to (11) through 
14 hydrolys is and decarboxylation . In e a r l i e r s tudies Scott 
and coworkers^ had shown t h a t careful hydrolys is of the lactone 
Me02C> 
(11) (12) 
t r i m e r (13) with magnesium methoxide s i ippl ied aromat ic compounds 
through r ing opening followed by Claisen condensation e t c . They 
regard the reac t ion as a labora tory equivalent of the synthesis 
of aromatic compounds in nature from polyketomethylenes. The 
hydrolysis of (11) with aqueous sodiiim hydroxide vmder d i f ferent 
condit ions supplied e i t h e r a-coccinic acid (14) through complete 
hydrolysis of the di lactone ( l l ) followed by condensation or 
the ac ry l i c acid der iva t ive (15) through p a r t i a l hydrolysis ' '^ . 
0 - ^ r 0 
COOH 
HOO C 
HO \ 
(15) 
8 
In the l i g h t of these e a r l i e r s tud ies i t appeared of i n t e r e s t 
to see i f exposure of (10) to ni t rogen bases resu l ted in the 
formation of he terocycles such as the pyr id ine der ivat ive (16) 
obtained through amiDonol3rtic r ing opening to e .g. (17) and 
r ecyc l i s a t i on . 
Exposure of (10) to methanolic ammonia, however, r esu l ted 
in extensive decomposition and even repeated chromatography did 
not give any pure f rac t ion . The react ion with ammonium carbonate 
in ethanol was equally des t ruc t ive . Thereiipon e f for t s to af fect 
cleavage of the r ing system with ammonia were abandoned and the 
compound was reac ted with an i l ine in ethanol . As with ammonia 
the colour of the react ion mixture became dark red. Work i^ of 
the react ion mixture supplied a s t icky so l id . Careful chroma-
tography of the so l id over s i l i c a gel f i n a l l y supplied three 
pure products which were l a b e l l e d a s , TLN-4, TLN-6 and TLN-6(b). 
The s t ruc ture of TLN-4, the major product of the reac t ion , was 
tackled f i r s t . 
TLN-4 
C r y s t a l l i s a t i o n from benzene gave l i g h t yellowish green 
c r y s t a l s . The mass spectrum (Fig.1) of the compound indica ted 
a molecular weight of 229 a. m. u. 
The odd molecular weight requires incorporat ion of one 
ni t rogen atom, and hence of one PhNH grotp , in the molecule. 
Since the molecular weight of the s t a r t i n g mater ia l (10) i s 
262, the an i l i ne addi t ion product would have the molecular 
weight (262+92=35A). This d i f fe rs from the actual molecxolar 
weight 229 by 125 mass u n i t s (354-229=125). Addition of 
an i l ine i s thus accompanied by l o s s of a fragment having the 
molecular weight 125 mass u n i t s . Since t h i s corresponds to 
C^H^O ,^ formation of TLN-4 apparently involves addit ion of 
an i l ine co\:5)led with l o s s of the side chain along with two 
carbon atoms of the r ing system and an oxygen atom. 
One has, the re fo re , to look for a sequence of reac t ions 
which can cleave the lac tone r ing bearing the acetoacetyl groip 
and then affect l o s s of the acetoacetyl group, along with the 
carbon atom Joining i t to the r ing , and the carboxyl groxjp or 
i t s equivalent . This amoijnts to f i ss ion of the molecule as 
shown in (IO). 
10 
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Assuming t h a t the amino group a t t acks the lactone 
carbonyl the i n i t i a l product of the react ion would be (18) . 
This may then add a n i l i n e to give the intermediate (19) , 
which can then cleave, as shown, in scheme-1 to give (20) 
which has the required molecular weight 229 a.m.u. 
(10) 
NHPh 
(18) 
H-7 N -Ph 
(19) (20) 
Scheme-1 
The i . r . spectrum (Fig.2) of TLN-A shows bands a t 
1655, 1624 and 1716 cm"''. The 1716 cm"'' band can only be 
assigned to the lac tone carbonyl but assignment of the other 
two bands in t h i s region i s not so obvious. The nmr spectrum 
(Fig.3) a t 100 MHz shows s ing le t s a t 6 2.1 and 5*65 which 
are also ind ica t ive of the presence of an i n t a c t lactone ring. 
The spectrum shows, apar t from the mul t ip le t of the aromatic 
protons a t 6 7 . 3 , a 1H doublet at 6 8.60 and broad s ignals a t 
6 11,6 and 13.5- The i n t r i gu ing p a r t of the spectrum i s that 
12 
CM 
6 
13 
-p^ 
• n 
14 
15 
the broad signals together integrate for just one proton. 
Moreover on B^ O exchange (Fig.4) the doublet at 6 8.6 collapses 
to a singlet and it must, therefore, represent a proton which 
is coupled to the exchangeable proton. The appearance of two 
signals for the exchangeable proton is suggestive of the prese-
nce of a mixture of conformational isomers. The 300 MHz spectrum 
(Fig.5) which was subsequently obtained, showed that the doublet 
at 6 8,6 is in fact composed of two separate doublets which 
together integrate for one proton and are in the ratio of 1:4. 
This further strengthened the argument in favour of existence 
of a mixture of conformational isomers. In order to confirm 
this a spectrum was recorded at 60°C. Comparison of this with 
the spectrum run at room temperature (20*'C) showed no change 
and hence the mixture is more likely to be one of cis, trans 
rather than conformational isomers. 
The problem here is very similar to that encountered 
in characterisation of the compound CgH^O^N isolated from the 
16 
plant Gentiana cruciata . This compound was initially charac-
terised as the amide(2l) but the amide structure had to be 
revised later in the light of the evidence of the 100 MHz ''H nmr 
13 
and C nmr spectra. The isolated product was Identified as a 
mixture of the tautoraers (22a) and (22b)'''^ . If now (20) were to 
tautomerise to (23a) and (23b) the situation becomes comparable 
to that of the compound from Gentiana cruciata. 
16 
*-* r^  
UKD 
Olio 
o 
o mcD CO ^ 
oinojryio 
" mm -^
C\J Q . 
U) U) O t/) h-(/) I 
O O O 
oocvjcDust^ o o a 
'HOI OO 
<\i (cr\j_j 
a a 
o ooo io 
O 0 0 0 0 ( 0 0 1 ^ 
mooocvjcDoinio 
o o o a i I o r-. 
ojrvj in ID 
*H en i m 
xu 
JgSS^Ii^ JSS 5g2s:r£:££^ 
: ^ 
• 
17 
Ot (D 
1 
1 
o u r u 
o « t *-i 
c • 
a i n u j CJt~ 
r 3 x •< 
-< Q 
ni V iua3 
m (\j O l i o 
•^ N o n 
O DCDCD ^ 
o o r ^ t o i D f u (T) . - ( - i r ^ r ^ o 
o t n f v j r u u D 
•« m m K-(\j a . 
^ ii_ >- • - < » - i a a : K i
tn I/) o u) • - m X 
o (V 
o o r u e D i o r ^ 
« o i 
rvj 
x a c i u > t / ) u j 
Q . t r < a i i > -
o 
o 
o 
• o 
o o a 
o o 
U)( \J_1 
t ^ m m 
(O 
x n i a . 
U . O O 
a a . 
*_l O O O I O 
o o o o o i o o r ^ 
m o o o r u r v j o i n u ] 
o o o o i c n o r^ 
(\jt\j«-> in ID 
• i m 
i m 
x u 
C J ^ 
• ^ x 
CD i n X >•»-" f\j M Q. t r 
_ J l O U t - ) U . U . X Q - U ) 
s T S e ' T 
r: 
o 
" a . 
ID 
O 
lJ_ 
k 
1VB031NI 
18 
3 = ' 
(21) 
0-^^ 
0 ^ 
1 
-^h^ 
-Ph 
7 
) 
(22b) 
(23a) (2 3b) 
1R 
The 100 MHz spectrum (Fig.6, reproduced from Wehrli ) 
of this compound shows broad singlets at 6 9»2 and 10.0 arising 
from the NH protons in the two modes of chelation. The =CH-NH2 
proton gives rise to a multiplet at 6 8.1 which collapses to 
two singlets on D^O exchange. 
Structures (23a) and (23b) are very similar to (22a) 
and (22b) and spectral values for similar structural features 
in the two compounds should, therefore, be comparable. The i.r. 
spectrum of gentiocrucin shov/s bands at 1705, 1642 and 1622 cm 
which have been assigned to lactone carbonyl, ketone carbonyl 
and conjugated double bond. Though these values differ from 
those observed in th? i.r. spectrum of TLN-4, the variation 
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i s not l a r g e . The chemical sh i f t s of the NH and =CH-NH2 protons 
again do not match completly but the differences can be a t t r i -
buted to d i s t o r t i o n resxilt ing from the presence of a double bond 
in the r ing and the phenyl group. The ^^C runr (Fig.7^ of the 
gentiocrucine shows t h a t a l l s igna ls occur in pai rs as would be 
expected i f a mixture of tautomers i s p re sen t . The assignments 
are given in Table-1 . 
Table-1 : 25.5 MHz -^ C NMR spec t ra l data of Gentiocrucine. 
Carbon 22a 
6(ppm) 
1 97.40 
2 168.09 
A 63.48 
5 35.70 
6 191.09 
7 159.35 
22b 
6(ppm) 
96.96 
168.69 
63.59 
36.28 
194.05 
157.63 
Of particular interest are the chemical shifts of the two 
carbonyl groups. The lactone carbonyl of the two isomers 
gives rise to signals at 6 168.09 and 168.69, the signal of 
ketone carbonyl In the isomers are at 6194.05 and 191.09. The 
13 
-^C nmr spectrum (Fig.8) of TLN-4 shows signals at 6 184.23 
and 180.47. These values are substantially lower than the 
values for the ketone carbonyl in the natural product, gentle-
21 
o 
L< 
g^ 00 
" a 
22 
crucine. On the basis of structiires (23a) and (23b) for TLN-A 
the chemical shifts of the different carbons in the molecule 
may be assigned as in Table-2. 
Table~2 : The assigned 75.0 MHz -^ C NMR spectral data of 
TLN-4 (23a/23b) inCJDCl^. 
Carbon 23a 23b 
6(ppm) 6(ppm) 
1 98.13 98.58 
2 165.1A 165.56 
U 153.94 152.75 
5 107.28 108.21 
6 180.47 184.23 
7 164.22 164.35 
4(Me) 20.16 20.16 
Except for the comparatively large difference of -10 ppm in 
the chemical sh i f t of the ketone carbonyl the chemical s h i f t s 
of the o ther carbon atoms in gentiocrucine and TLN-4 are almost 
i d e n t i c a l . The discrepancy in the chemical sh i f t s of the 
ketone carbonyl in the two compounds can not be, however, 
completely disregarded and t h i s , coupled with the observation 
tha t TLN-4 gives a s trong blue colour with FeCl^,, suggestive 
of the presence of an enolised aldehyde group, makes s t ruc ture 
(34) a s t rong contender. Corapound(34) can r e su l t from the 
hydrolysis of (33) as shown in scheme-4 but might as well ar ise 
23 
d i r e c t l y from the d l lac tone (10) as discussed l a t e r . 
(34) (35a) (35b) 
A survey of l i t e r a t u r e on the chemistry of t r i a c e t i c 
acid lactone and i t s de r iva t ives focused a t t en t i on on the work 
by Sheila Garrat t on the mechanism of the react ion between 
dehydroacetic acid (24) and alkylamines. According to her 
f indings dehydroacetic acid reac t s with methylamine i n i t i a l l y 
to give the Sch i f f ' s base (25). On fur ther react ion with 
methylamine i t i s converted into bis-2,7-methylaminohepta-2, 
5-dien -4-one(26) (Scheme-2). 
The react ion thus involves a t tack by methylamine on 
20 C-6, The findings of Japanese workers , dat ing from the same 
24 
H ^ /-^o 
CH^ CH,NH2 
(24) 
H-0 N-CH^ 
H -0 N-CH. 
NH2-CH^ 
(25) 
-> 
/^ N-CH-
^-HCH, H 
CH, ^ 
HjO 
-CH,NH2 
(26) 
Scheme-2 
year, regarding the reaction of dehydroacetic acid with 
ammonia and amines also establish attack by nitrogen on C-6, 
the reaction finally leading to 2,6-dimethyl-4-pyridone(2?) 
(Scheme-3). 
25 
H-0 
^ 0 
— ^ 1 ^ ' ^ i — 
H2 ^"3 
(24) 
Scheme-3 
(27) 
These reactions are similar to the acyl lactone rearrangements 
21 
studied extensively by Korte and coworkers . Thus, for 
example, the lactone (28) rearranges to the isoxazole (29) on 
base hydrolysis. 
(28) 
-^ -> 
R 
I 
COOH 
A> 
:0 -> 
^6H J!^. 
-> 
COOH 
25 
Compared to dehydroacetic acid (24) the acetoacetyl 
dilactone (10) is a much more complex entity and nucleophilic 
attack can be expected at several positions in the molecule. 
Drawing on the analogy of dehydroacetic acid the most likely 
position is 9, as it is close to the electron withdrawing 
lactone carbonyl of ring A and is also conjugated with the 
actoacetyl group and the ring B carbonyl. Fiorther ring A, 
q 0 
B 
5 o 1 
0 
•CH. 
(10) 
0-CH. 
d^ -CH^ OH 
CD^ OK" 
0-CD, 
0-^( 0 
considered on i t s own, resembles the lactone ring of 4-methoxy-
coumarin. The mode of hydrolysis of 4-methoxycoumarin in 
d i f fe ren t solvents has been the subject of a detai led study by 
22 Daan ejb.al.. In experiments undertaken with the object of 
e s t ab l i sh ing the s i t e of base a t tack during the hydrolysis of 
4-methoxycoumarin they found tha t i f 4-methoxycoumarin was taken 
in d^-raethanol containing t r aces of methoxide ion, methoxide 
27 
exchange occurred and was essentially complete in 3 hrs. They, 
however, found that the reaction in aqueous bases takes a 
different course and kinetic studies suggested attack on the 
lactone carbonyl. These studies are relevant in the present 
context only to the extent that they show the possibility of 
nucleophilic attack at C-9 in preference to attack at the 
lactone carbonyls. The structural relationship between the 
position 4 in 4-methoxycoumarin and position 9 in the dilactone 
is more clearly discernible if the formula is written as in 
(10a). 
It may be noted here that the apparent similarity 
between C-7 in the dilactone and C-6 in dehydroacetic acid is 
misleading in as much as C-7 is further removed from the aceto-
acetyl group than C-9. 
This makes it likely that the aniline amino group 
attacks position 9 with opening of the lactone ring. The 
resulting compound(30) is destabilised by the presence of 0-
dicarbonyl functions and a nucleophilic double bond. Since 
28 
the reaction is conducted in 95% ethanol retroaldol cleavage 
of the side chain is very likely and would give(31) (Scheme-^). 
Alternatively the more active nucleophile aniline may initially 
add to the double bond to give (32) and this may then suffer 
base catalysed elimination of the side chain to give the Schiff*s 
base(33) which then hydrolyses to the aldehyde(3l). Since the 
aldehyde function in(3l) is conjugated with the amino group the 
more likely structure for the compound is(34) in which hydrogen 
bonding further stabilises the molecule. 
(53) 
Scheme-4 
(34) 
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The s p e c t r a l fea tures of TLN-4 have now to be examined 
in the l i g h t of s t ruc tu re (3A). The assignment of bands in the 
i . r . spectrum poses no problem as the band a t 1716 cm can be 
assigned, as before, to the lactone carbonyl, those at 1655 and 
1624 era" to the enol and imino double bonds. As regards the 
''H nmr spectrum the chemical sh i f t of the r ing and exocyclic 
o l e f in i c hydrogens should be almost i d e n t i c a l for the two 
s t r u c t u r e s and the doublets a t 6 8.65 and 8.80 are, i f anything, 
in b e t t e r accord with s t r u c t u r e s (35a) and (55b) than (23a) and 
(23b). S imi lar ly the ^^C mar spectrum would f i t s t ructures(35a) 
and (35b) equal ly wel l , but the s ignal at 184 ppm has now to be 
assigned to the lactone carbonyl (Table-3) . 
Table-3; The assigned 75.0 MHz "^ C^ NMR spec t ra l data of TLN-4 
(35a/35b) in CDCl^. 
Carbon 35a 6(ppm) 
35b 
6(ppm) 
1 
2 
4 
5 
6 
7 
4(Me) 
98.13 
184-23 
153.94 
107.28 
164.22 
165.14 
20.16 
98.58 
180.47 
152.75 
108.21 
164.35 
165.56 
20.16 
This signal was assigned on the basis of structures (23a) r.nd 
(23b) to the ketone carbonyl. This value, as pointed out earlier, 
30 
differs by -10 ppm from the value of the ketone carbonyl in 
gentiocrucine. In gentiocrucine the lactone carbonyl resonance 
is observed at 6 168. Since hydrogen bonding produces de-
shielding i.e. increases the 6 value, and the stronger the 
hydrogen bonding the higher is the shift ^^ the signal at 6 184 
does not deviate much from the required value. In any case 
even on the basis of structures (23a) and (23b) there is a 
difference of -10 ppm in the position of the ketone carbonyl 
as compared to gentiocrucine. Thus if the values in gentio-
crucine are taken as standard, there is a shift of -10 ppm in 
the position of the signal of the a, j3-unsaturated carbonyl 
carbon on the basis of structures (23a) (23b) for TLN-4, whereas 
if TLN-4 has structures (35a) (35b) there is a shift of +16 ppm 
in the position of the lactone carbonyl as compared to gentio-
crucine. 
Spectroscopic evidence thus does not make it possible 
to make a definite choice between the two possible structures 
and some other evidence has to be considered. It has been 
pointed out already that the positive ferric colour is in better 
agreement with structure (34). Cu(0Ac)p is known to form 
complexes with chelated compounds . An aqueous solution of 
this reagent when added to the solution of TLN-4 in methanol 
produces deep green colour. It was found that salicylaldehyde 
also gives a green colour of comparable intensity with cupric 
acetate. On this basis, therefore, the choice has to fall on 
structure (34). 
31 
At this point it is necessary to examine another 
possibility for TLN-4 namely the lactam structure (36). 
Formation of (36) can be rationalised on the basis of the 
reaction sequence depicted in scheme (5). 
PhNH 
NH2Ph NHPh 
(10) (37) 
.Scheme-5 
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Mechanistically the reac t ion sequence crea tes some problems 
but there are o ther more compelling reasons for r e j ec t ing 
t h i s s t r uc tu r e . I t i s impossible to assign the i . r . bands 
— 1 —1 
a t 1716 cm and 1555 cm on the basis of t h i s s t r uc tu r e . 
Thus the frequencies recorded in l i t e r a t u r e for the aldehyde 
carbonyl in aromatic and a, ^-unsaturated compounds are 
1715-1595 cm"'' and 1705-1680 cm"'' respect ively^^. The 
absorpt ion should be sh i f ted to s t i l l lower frequencies on 
hydrogen bonding and, the re fore , the 1716 cm band i s a t 
too high a frequency for the aldehyde group in (36). The 
1655 cm band can not be assigned to the hydrogen bonded 
aldehyde function as i t i s reasonably claimed by the amide 
1 13 
carbonyl. The H and C nmr spectra of TLN-4 are conclusive 
in e l iminat ing s t ruc ture (36) . The H nmr spectriom does 
not show the aldehydic proton as there i s no signal around 
6 10.00. There i s also no explanation for the appearance 
of the OH and =CH-OH protons a t two values. The same appl ies 
to the xautomeric s t ruc tu re (41) which also should e x i s t 
predominantly as the resonance hybrid (41 a ) . 
33 
(36) (41) 
H 
HO 
rii Fh 
(36a) (41a) 
Tautomeric s t ruc tu re s (42) and (43) analogous to 
(22a) and (22b) are most unl ikely as they are ene rge t i ca l ly 
extremely unfavourable compared to (36) and (41) which have 
s ign i f i can t cont r ibut ion from the arxDmatic s t ruc tu res (36a) 
and (41 a ) . 
0 
H 
/ \ 
0 
H 
Ph 
H 
• C H . 
-3^ 
Ph 
(^2) (A3) 
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Further the 1715 cm carbonyl band in the i . r . 
spectrum is at too high a value to f i t e i ther of these 
s t ructures . 
TLN-6 
This was obtained from the chloroform-petrol eluate 
and it crystallised from benzene as greenish yellow fluores-
cent needles. Like the dilactone (10) it gave a brown colour 
with FeCl^ but with the colour intensity somewhat reduced. 
The i.r. spectrum (Fig.9) of the compound showed bands at 
—1 —1 
1740 and 1680 cm . The 1680 cm band had a shoulder at 
about 1640 cm . The mass spectrum (Fig.10) of TLN-5 showed 
M at m/z 337 which when compared with the molecular weight 
of the starting material, 262 mass lanits, indicated incorpora-
tion of a PhNHp group in place of an oxygen atom. One has 
therefore to decide here between three possible structures(44), 
(45) and (46). 
(44) (45) 
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The positive reaction with FeCl, and the base peak at m/z 280, 
representing loss of the acetoacetyl side chain from M , rules 
out structure (46). 
The carbonyl bands in the i.r. spectrum of (I0)appear 
—'I 
at 1770 and 17^0 cm and have been allotted, to ring A, ring B 
12 
carbonyls respectively, in confirmity with assignments made 
for (11) and similar compounds * by earlier workers. 
Structures (4A) and (45) are, however, novel and satisfactory 
analogies could not be traced in literature. One may reason 
—1 that the 1740 cm band belongs, as before, to the ring B 
carbonyl and, therefore, the 1680 cm band should be allotted 
to the ring A carbonyl of (45). These assignments, however, 
imply that whereas the ring A carbonyl suffers a large batho-
chromic shift of 90 cm in the change over from an enol 
lactone to lactam, the ring B carbonyl experiences no shift 
at all due to the replacement of oxygen by nitrogen in ring A. 
(49) (47) 
(48) 
\) 
Ring A: C=0 = 9o« 
Ring B: C=0 = o 
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This would mean t h a t the resonance hybrid(48) makes no c o n t r i -
bution whatever to the ac tua l s t ruc tu re of the molecule. Since 
opposite chai'ges are proximate in (47) , i t i s obvious t h a t 
t h i s resonance hybrid should make the l a r g e s t contr ibut ion to 
the s t r uc tu r e of the molecule, but one can not en t i r e ly d i s -
regard (48) and (49) which demand some sh i f t in the pos i t ion 
of the band due to the r ing B carbonyl as wel l . I t i s illogical 
- I in the l i g h t of t h i s argument to assiome t h a t the 1770 cm band 
—1 -1 
sh i f t s a l l the way to 1680 cm whereas the 1740 cm band 
stays pu t . I f the argument i s considered val id then TLN-6 must 
have s t ruc tu re (44) with the r ing A carbonyl absorbing a t 1740 
—1 —1 
cm and r ing B carbonyl at 1680 cm 
(50) (44) 
(51) 
P -1 
Ring A: 0=0 = 50 cm ' 
Ring B: 0=0 = 6 0 cm ' 
39 
i 
O' 
O 
" n 
O 
in 
• -J-
O 
in 
O 
ID 
in 
ID 
O 
N_ in 
3 
a 
E 
-:^  
o 
CO 
in 
CO 
O 
en 
in 
en 
40 
_i 
This would mean that the 1770 cm band in the i.r. spectrum 
of (10) has experienced a shift of -30 cm due to its conju-
gation with ring B nitrogen and the 17^0 cm band experiences 
a larger shift of -60 cm due to conversion of the lactone 
ring B to lactam. The i.r. spectrum of TLN-6 does not, however, 
show any well defined band due to the side chain carbonyls. 
Since the presence of this side chain is evident from the base 
peak at m/z 280 corresponding to the M -57 ion, its presence 
in TLN-6 is confirmed. Since the /3-diketone carbonyl is 
broadened by chelation it may have been masked by the 1680 cm 
band which is broad at the base and there is indication of 
merger with another band at 1640 cm . Structure (44) is 
further supported by the fact that PhNHp attack at C-9 gives 
the major product of the reaction (34). The nmr spectrum(Fig.ll) 
does not offer any evidence which might help in distinguishing 
between (44) and (45) as the chemical shifts of the olefinic 
methyls and its adjacent olefinic proton differ very slightly 
from their values in the starting material (10). 
TLN-6(b); 
This compound was at first missed during the chroma-
tographic purification of the crude reaction mixture. It is 
formed in very small amounts and its isolation and purification, 
therefore, required repeated chromatography and crystallisations. 
TLN-6(b) was crystallised from benzene-petroleum ether. 
The M was observed in the mass spectrum(Fig.12) at m/z 30A 
which value, being even, requires incorporation of two aniline 
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units. In the light of structure (34) proposed for the major 
product, one aniline moiety is accounted for by part structure 
(34). 
(34) 
If now the other aniline unit displaces the lactone oxygen the 
lactam structure (52) with the required molecular weight results. 
(52) 
The nmr spectrum (Fig.13) of (52) is similar to that of (34) in 
that the signal of the =CH-OH proton appears as two doublets, 
together integrating for 1H at 6 8.85 and 6 9.15 (J=7.5 Hz). 
These values are approximately the same as of this proton in 
the spectrum of (34). The doublets in this case are, however, 
clearly discernible even in the comparatively low resolution 
100 MHz spectrum as chemical shifts of the olefinic 
protons of the isomers responsible for the signal differ here 
more than they do in the isomers (35a) and (35b) and their 
intensities are equal. This difference in chemical shifts of 
similar protons in the two isomers is even more striking in 
A3 
LL 
hh 
(53b) 
(53a) 
the case of the methyl group the signal of which also appears 
at two different values, 6 1.90 and 6 2.00. The integrater 
shows that, on the basis of the olefinic doublets at 6 8.85 
and 6 9.15, these two singlets, which are of about equal 
intensity, together account for one -CH^ group. This compara-
tively large difference in the position of the two methyl 
singlets can be accounted for only on the basis of some 
hindrance to free rotation of the adjacent benzene ring. This 
conclusion could not, however, be confirmed so far through 
measurements at higher temperature due to technical difficul-
ties. The signal of the ring olefinic hydrogen also appears at 
different values in the isomers (53a) and (53b) i.e. at 6 5.80 
and 6.34 and is broadened, probably as a result of distortion 
in the geometry of the lactam ring and the resultant variation 
in the long-range coupling constant. 
In the mass spectrum (Fig.12) the structurally signi-
ficant peaks are at m/z 227 and 77 corresponding to M"^ * -Ph, 
m/z 211 and 91 representing loss of PhN group. 
A5 
The subs tan t i a l difference in the chemical s h i f t 
of the methyl group noted here makes s t ruc tu re (45) and (36) 
for TLN-6 and TLN-U completly untenable. 
TLN-1 
The reaction of (10) with phenylhydrazine was carried 
out under conditions similar to those employed for the reaction 
with aniline. It yielded only one product which crystallised 
out from the reaction mixture as deep yellow shining needles. 
The product was sparingly soluble in CHC1-, and was crystallised 
from this solvent. 
The i.r. spectrum (Fig.15) showed carbonyl bands at 
1700 cm and 1650 cm , that is at approximately the same 
values as in the spectrum of (34). The mass spectrum(Fig. 16) 
revealed the molecular weight of the compound as 334 a.m. u. 
This suggested that the reaction involved simply the conversion 
of the diketone to the pyrazole (54) or (55). ^is interpreta-
tion, however, does not fit with the i.r. bands at 1700 and 
Ph-N N 
(54) (55) 
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1650 cm"'', since the values for the two lactone carbonyls in 
the i.r. spectrum of (10) are 1770 and 1740 cm"''. The nmr 
spectrum (Fig.17) is in complete disharmony with these struc-
tures. It shows only one methyl group at 6 2.19 and 1H singlets 
at 6 10.19, 8.10 and 5.15 each integrating for approximately 1H. 
Even if it is assiimed that singlets of the two methyl groups 
have merged (the evidence of the integration is not very clear 
cut) the 1H singlet at 6 10.19 which was found to be D2O exchange-
able cannot be accounted for on the basis of the pyrazole 
structures. There are two possible explanaticns for the lack of 
correspondence between the mass and nmr spectra. One possibi-
lity is that the peak due to the actual M**" is not at m/z 334 
but at m/z 244 (Fig.16) and the m/z 334 peak belongs, therefore, 
to an impurity. The other possibility is that the actual M is 
still higher up and is not recorded in the spectrum due to its 
decomposition to fragment ions. To rule out the latter possi-
bility a CI mass spectrum (Fig.l9) of the compound was obtained. 
It showed the M"*" + 1 peak at m/z 489 along with a peak at m/z 
398 which was not present in the EX mass spectrum. The signifi-
cance of this peak lies in the fact that it represents loss of 
the PhN- group and thereby authenticates the peak at m/z 489 as 
that due to the M* + 1 ion. This needs to be emphasised 
because in another CI mass spectrum obtained from a different 
source all peaks at mass values higher than m/z 244 are missing. 
Further investigation of the problem was, therefore, required 
and a number of CI mass spectra were obtained from different 
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sources. It turned out that the peak at m/z 489 is recorded 
only when the inlet temperature is close to the melting point 
of the compound. This makes it obvious that the actual 
molecular weight of the compound is 488 a.m.u. and that it 
decomposes at higher temperature to give the fragment ion at 
m/z 244. Since m/z 244 represents just half of the M*' , it 
appeared likely that during its decomposition the molecular 
ion splits in the middle to give two fragments of 244 mass 
units. 
These findings definitely rule out structures(54) 
and (55) and suggest that the reaction of phenylhydrazine with 
the dilactone (10) follows the same course as in the case of 
reaction of the dilactone with aniline but that the product 
thus formed dimerises as shown in scheme-6. 
0 
0-^r 0 
(10) 
•^ CH^  PhNHNH2 
NHPh 
Scheme-6 (57) 
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When the nmr spectrum (Fig.20) of TLN-1 was recorded at 300 MHz 
the multiplet in the aromatic region became clearly resolved 
and the spectrum showed singlets at 6 10.19, 8.10, 6.15 and 
2.19. On the basis of the dimeric structure (57) for the 
compound the singlet at 6 10.19 (which was shown to be exchange-
able in a separate spectrum) can be readily assigned to the OH 
proton, but the singlet at 6 8.10 can not be allotted to any 
proton in the moleciile. It is, therefore, assumed that dust 
as on heating beyond its melting point the dimer decomposes 
also into the monomer (56) on being dissolved in EMSO, the 
solvent in which the spectra had to be run owing to insolubi-
lity of the compound in CDCl:,. The 6 8.10 singlet now is 
readily assigned, as in the case of the corresponding product 
with aniline, to the olefinic proton under oxygen, for here also 
the monomer should tautomerise to (58). 
(58) 
It has to be noted that the compound was found to give a 
distinct brownish colour with FeCl, and a green colour with 
CuCOAc)^- Further a carbinolamine structure like (57) should 
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not be very stable specially in a polar solvent like 0*^ 30, 
While the structrj-e (58) is in better accord with the nmr 
spectrum, at least with regard to chemical shifts of the 
olefinic singlets, it is hard to explain why the olefinic 
proton does not couple with the OH proton as is observed in 
the case of the aniline product (3^). There seems no reason 
why the geometry of the molecule should differ so much from 
that of the analogous compo\jnd (3^) to reduce the coupling 
constant to a very small value. 
13 It thus became necessary to obtain a C nmr spectrum 
(Fig.21) of the compound and to compare it with that of (3A), 
(Table-4). If assignments are made as in the case of (34) then 
the chemical shifts of the concerned carbons are close to the 
value they have in (34), the slight difference in the case of 
C-7 may be a consequence of the change in solvent from CDCl-r to 
EM SO. 
Table-4: The assigned 75.0 MHz ''^ C NMR spectral data of TLN-1 
(58) in DMSO and TLN-4(35a/35b) in CDCl,. 
Carbon 
1 
2 
4 
5 
6 
7 
4(Me) 
V 
2' 
3' 
4' 
58 
6(ppm) 
95.90 
171.60 
141.76 
102.03 
162.46 
163.58 
19.58 
144.46 
111.92 
129.46 
119.91 
35a(3/4) 
6(ppm) 
98.13 
184.23 
153.94 
107.28 
164.22 
165. 14 
20. 16 
137.57 
118.91 
129.68 
127.00 
35b(l/4) 
6 (ppm) 
98.58 
180.47 
152.75 
108.21 
164.35 
165.56 
20.16 
137.57 
118.91 
129.88 
127.00 
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1 
There is another intriguing feature of the H nmr 
spectrum of TLN-1 namely the discrepancy in the integration 
of the two singlets. Thus while the integration value for 
the 6 10.19 singlet is 2.4926> for the singlet at 6 8.10 it 
is 3.0359. This second value matches the integration value 
for the 5 aromatic as well as the methyl protons and, therefore, 
must represent one full proton. The integration of the singlet 
at 6 6.15 again falls short of the value required for 1H and 
one must, therefore, assume that the signals at 6 10.19 and 
6.15 represent only 0.5 proton each and the signal of the 
remaining proton is located elsewhere. 
These features of the nmr spectrum cast doubt on the 
validity of the structure (57) and made it necessary to look 
for some other evidence. The best chance of this seemed to 
lie in correlating structures (3^) and (57) through inter-
conversion. With this in mind (3^) was treated with phenyl-
hydrazine in ethanol. Crystalline material began to separate 
out from the solution within minutes and the reaction was 
complete within l/2 hr. The crystals were collected and 
compared with the compound obtained in the direct reaction of 
phenylhydrazine with the dilactone (10). The two were found 
to be identical. 
13 Now the only suspicious feature in the C nmr 
spectrum of the aniline product TLN-A was the position of the 
lactone carbonyl signal at 184 ppm. Since substitution of 
57 
PhNH group by PhNHNH r e s u l t s in a sh i f t in the pos i t ion of 
the s ignal for t h i s carbon to 172 ppm, almost the normal value 
for the lactone carbonyl, s t ruc tu re (3^) i s the only log ica l 
one for the an i l ine product as 172 ppm i s too low a value for 
the a, /3-unsaturated carbonyl on the bas is of s t ruc ture(23) . 
TLN-2 
The r e s u l t of the reac t ion with an i l ine and s p e c i f i -
ca l ly with phenylhydrazine cont ras t sharply with the r e s u l t s 
obtained in the reac t ion of the di lactone (10) with hydroxyl-
araine hydrochloride which in a considerably slower react ion 
11 
siQjplied a product i d e n t i f i e d as e i t h e r (59) or (60) . The 
reac t ion with the free base gave the same compound. 
There i s no apparent j u s t i f i c a t i o n for the divergent 
course of the react ion with phenylhydrazine and an i l ine 
spec ia l ly the former, as i t should give the pyrazole (54) or 
(55). When (10) was, however, t r ea ted with phenylhydrazine in 
g l ac i a l AcOH the expected pyrazole l abe l l ed as TLN-lb, was 
read i ly formed as shown by the M'^(Fig. 22) a t m/z 334 and nmr 
(Fig. 23) s ing l e t s a t 62. 3A, 2.37, 6.15, 6.51 and 7.64. I t s 
identification in terras of (54) or (55), ho;sever, remains ambiguous. 
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The reaction of 3~bromo-4-hydroxycoumarin with 
3-formylchromone, 3FC-3 .* 
This reaction was investigated in the context of earlier 
studies on the reaction of formaldehyde with 3-bromo-4-hydroxy-
couiiiarin(62) which had supplied(63) . 
R' = H (65) 
R' = Ph(64) 
It was of interest to see what course the reaction would 
take with 3-formylchromone (74). The reaction of 3-'bromo-4-
hydroxycoumarin with benzaldehyde is known to produce (64). 
Thus one would expect (65) from the reaction of 3-hromo-4-
hydroxycoumarin with 3-formylchromone. 
(OH)Ph 
(65) 
The mechanism leading to this product involves the sequence of 
reactions shown below; 
61 
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The mass spectrum (Fig.24) of the product agrees with 
the assigned structure showing M* at m/z 452 and base peak, 
resulting through loss of o-hydroxybenzoyl group at m/z 331. 
The i, r. spectrum (Fig. 25) is also in accord with this struc-
—1 —1 
ture with bands at 1710 cm (lactone carbonyl), 1650 cm 
(chromone carbonyl) and 1635 (o-hydroxybenzoyl group). In 
the nmr spectrum (Fig. 26) the ortho coupled doublets at 
65.75 and 6.80 appear at approximately the same values as 
in the spectrum of (64) reported earlier . It has to be 
noted here that these spectral features can fit also structure 
(66), which can be rationalized on the basis of the mechanism 
shown in scheme-8. 
0-H 
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Scheme-8 
(66) 
67 
This s t ruc tu re i s , however, l e s s probable as the chemical 
sh i f t of the proton under oxygen in flavanone(2-phenyl-
27 
chromanone) i s usua l ly 6 5.2 as agains t 6 6.80 here. 
Moreover the strong peaks a t m/z 121 and 331 representing 
loss of an o-hydroxybenzoyl group also favour (65) over (66). 
Chemical evidence for s t r u c t u r e (65) i s provided by the 
absence of any fu r the r r eac t ion with formaldehyde which 
should occur i f an i n t a c t 4-hydroxycoumarin uni t were present 
and by the reduction of Feh l ing ' s so lu t ion . This redox 
react ion i s a c h a r a c t e r i s t i c feature of a l l compounds r e s u l t -
ing through the r eac t ion of aldehydes with 3-bromo-4-hydroxy-
coumarin. The reac t ion occurs apparently because of isomeri-
sa t ion of (63) to the coumaranone (67) under a lkal ine conditiDns. 
Coumaranones are known to reduce Feh l ing ' s solut ion readi ly . 
(63) (67) 
R = H 
68 
The r e a c t i o n of 3-bromo-4-hydroxycoumarln wi th LMF/POCl,,AM-3 
4-hydroxycoumarin i s known t o r e a c t wi th EMF/POCl, so 
as to g ive t h e t r i m e r (7) alcng with 3-formyl-4-hydroxycouinarin 
no 
(6) . The reaction of 3-bromo-4-hydroxycoumarin with the 
reagent was investigated as the possibility seemed to exist 
that the intermediate (68) would hydrolyse to (132) on work 
up. (132) was needed in the context of another synthetic 
project discussed in the next chapter. 
DMF 
POCl. 
o^^o 
(68) 
COOH 
l)-HBr 
> 2)-CO, 
NMe2 2 
3)-NHMe, 
CHO 
(132) 
The reaction, however, did not proceed as visualised and gave 
instead the dimeric ether (70) alongwith A-chloro-3-formyl-
coumarin (69) . 
•0^ /O 
0 ^ ^ 
(70) (69) 
69 
Its identification is based on the presence of the molecular 
ion peak at m/z 362 (Fig.27) and the fragment ion at m/z 173 
arising through fission of the ether linkage. The i. r. spectrum 
(Fig.28) exhibits carbonyl bands at 1740 cm" and 1720 cm" . 
The first of these bands is at the usual value for the lactone 
carbonyl. The second is at a somewhat higher frequency for 
the chromanone carbonyl but the system is novel and cannot be 
compared to other chromophores. The nmr spectrum (Fig.29) 
shows a 2H singlet at 6 7.0 apart from the 8H multiplet of the 
aromatic protons. The formation of this product involves 
obviously condensation of the intermediate (68) with a molecule 
of 3-formyl-4-hydroxycoumarin(6) formed through Br* elimination 
as shown below. 
(62) (68) 
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0 Br ;0H 
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-BrNMep 
0 (70) 0 
Another compound the reactions of which appeared to be of 
interest in the context of transformations of readily 
available heterocycles is (71). It is obtained easily 
through the Diels Alder reaction of 3-formylchromone (7^ )^ 
with ethyl vinyl ether. It has been employed by Dean and 
coworkers in the synthesis of fulvic acid . A recent paper 
describes its conversion to the aldehyde (72) . The trans-
formation involves hydrolysis, opening of the Y'-pyrone ring 
followed by isomerisation to (73) and then recyclisation 
as shown in scheme-10. 
74 
• ^ 
CHO 
Scheme-10 
The authors comment that (72) could not be prepared directly 
attracted attention as it appeared to imply that aldol conden-
sation of (74) with acetaldehyde either does not occur or 
gives an intractable mixture. The base catalysed aldol conden-
sation is indeed ruled out as the chromone nucleus is not stable 
75 
under basic conditions but there seemed no reason why the 
reaction should not occur under acidic conditions. Attempted 
condensation of (74) with acetaldehyde in dilute acidic 
ethanol, however, returned the unreacted chromone-3- carboxal-
dehyde (7A), A similar reaction of the conjugated aldehyde 
(72) with acetaldehyde or acetone also failed to give any 
condensation product. The failure of these reactions can be 
attributed to presence of the positively charged chromone 
nucleus xander acidic conditions. This reduces the electro-
philicity of the aldehydic carbon as that would place two 
similar charges in close proximity as shown below. 
H^  
(74) 
- = > • 
If this explanation has any validity the intermediate (73) in 
which the chromone ring does not exist, might be expected to 
undergo acid catalysed aldol condensation. With this in mind 
the reaction of the cyclic ether (71) was carried out in 
acetone containing varying amounts of HpSO,. This was done 
in the hope that the condensation of (73) with acetone would 
give (76) having extended conjugation, scheme-11. 
76 
CH, — C - C H , 
b-H 0 
(75) 
-H2O. 
(76) 
Scheme-11 
The use of acetone as solvent improves the chances of the 
formation of (75) through intermolecular reaction before (73) 
undergoes intramolecular cyclisation to (72). The self con-
densation of acetone would, of course, be a side reaction 
under the acidic reaction conditions. The expectation was 
realised as when (71) was treated with acetone-sulfuric acid 
under varying conditions three products were obtained. These 
were labelled as FI>-5, FD-6 and FD-6(b). Their structures are 
discussed belov/. 
77 
FD-5: 
The mass spectrum (Fig. 30) of FD-5 shov/ed M a t 
m/z 218. Since molecular weight of the Diels Alder adduct 
(71) i s 246 a. m. u . , t h i s represents simply elimination of 
the ethyl grora through hydrolysis . The s t ruc tu re (77) for 
t h i s compound was found to be in accord with the nmr spectrum 
(Fig. 31) which i s s imi l a r to tha t of (71) except for the absence 
of s igna ls due to the e thyl groi^). 
'0. 
(77) 
In the i. r. spectrum (Fig.32) bands due to the alcoholic 
hydroxyl and chromone carbonyl groups further confirm the 
structure (77) for FI>5. 
FD-6: 
The mass spectrum (Fig.33) of FD-6 showed M* at 
m/z 200 which is the molecular weight of the aldehyde (72). 
The i. r. (Fig. 3.^ ) and nmr (Fig. 35) spectra of the compound 
also agreed with structure (72) and values of the i. r. bands 
and nmr signals corresponded to those reported by C.K.Ghosh 
et.al: 31 
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FI>-6(b): 
+ * / 
This compoijnd showed M at m/z 240 in its mass 
spectrum (Fig.36) and carbonyl bands at 1640 and I66O cm 
in the i. r. spectrum (Fig.37). These spectral features 
suggested incorporation of the acetone moiety in the molecule 
and hence formation of (76) in the reaction as expected. The 
nmr spectrum (Fig.38) of FD-6(b) shows the singlet of the C-2 
hydrogen and the double doublet of the C-5 hydrogen at nearly 
the same values as in the spectrum of (72). The presence of 
the acetyl group is confirmed by the methyl singlet at 6 2. 30. 
The signals of two olefinic protons have merged with the 
multiplet of the aromatic protons at 6 7.0 - 7.75 but the other 
two hydrogens give rise to two doublets at 6 6.22 (J=14.89 Hz) 
and 6.67 (J=15.13 Hz). These doublets can only be assigned to 
H^ and H , as only these two hydrogens are coupled to only one 
neighbouring proton. 
(76) 
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The reaction of (E)-p-(4-oxo-4H-1-benzopyran-3-yl)-acroleln, 
(72) and [63[ 4-oxo-4H-1-benzopyran-3-yl]-hexa-3,3-diene-2-one, 
(76) with nitrogen bases ; 
Chromone and its derivatives such as flavones and 
isoflavones present two possible points of attack to nucleo-
philes such as amines and substituted amines. Of interest in 
the context of the present work is the reaction of chromone 
(78) with phenylhydrazine which gives (80) via the inter-
mediate (79)^^. 
.OH ^NNHPh 
+ PhNHNH, 
(78) (79) 
- ^ 
(80) 
Similarly hydroxylaraine and chromone (78) react to give (81)"^. 
-e NH2OH 
(78) (81) 
89 
A n i l i n e a l s o behaves i n an analogous manner. Thus v/hen 
d i e thy l amine r e a c t s wi th 3-bromochromanone (82) t h e p r o d u c t 
i s no t (83) as was i n i t i a l l y assumed, bu t (84) i n v o l v i n g the 
i n t e r m e d i a c y of chromone, which i s formed through HBr e l i m i -
n a t i o n - ^ . 
(78) 
HNEt, 
0 
NEt, 
(84) 
The r e a c t i o n of 3-formylchromone with a n i l i n e , however, 
p roceeds wi thou t opening of t h e chromone r i n g to give 3 -
(a ry l iminomethy l ) chromone (85) which func t ions l i k e the 
3-formyl compound as a d iene i n D. A, r e a c t i o n with ke tene e t c . 35 
PhNH. 
-^>-
N-Ph 
(85) 
In an i n t e r e s t i n g e x t e n s i o n of t h i s type of r e a c t i o n , 
36 Susch i t zky £t .a2- . condensed g lyc ine e s t e r with 3-formyl-
chromone. The r e a c t i o n l e d to the format ion of 2 - ca rbe thoxy -
90 
4- (2-hydroxybenzoyl ) -5 - [chromone-3-y l ] p y r i d i n e (86) and 
2 - c a r b e t h o x y - 4 - ( 2 - h y d r o x y b e n z o y l ) p y r o l e (87 ) . 
.0-
+ NH2CH2C00Et 
0 0 
HO 0 
H 
(86) 
•CO^Et 
(87) 
It appeared of interest against this backgroxond to 
study the reactions of (72) and (76) with phenylhydrazine. 
The reaction of (72) with phenylhydrazine gave two products, 
N-1 and N-l(b) whose structures are discussed below. 
COOEt 
N-1 : 
This showed M at m/z 290 in its mass spectrum(Fig. 39). 
The carbonyl band at 1650 cm , characteristic of the presence 
of a chromone nucleus, was missing in the i. r. spectrum(Fig. 40) 
and there was instead a band at 1625 cm . Since this value 
is sometimes observed for the chelated carbonyl group, opening 
of the chromone ring is suggested. Absence of a positive 
ferric chloride reaction, however, does not agree with the 
presence of a chelated carbonyl so that a structure like (88) 
91 
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is not likely for the compound. 
yj: N^h 
(88) 
,+• Of the other two structures compatible with the value of M , 
(89) again requires a positive ferric reaction or, at least, 
solubility in NaOH. 
CHO 
N-1 was found to be base insoluble. Structure (90) alone 
fulfills these two requirements but the low value of the 
carbonyl band at first appeared to be in conflict with it. 
N-NK-Ph 
(90) 
The problem i s s imi la r to the one faced by U.Petersen and 
37 H.Heitzer in assigning s t ruc tu res to products r e su l t ing 
94 
from t h e r e a c t i o n of 3-formylchromone wi th phenylhydraz ine 
under d i f f e r e n t c o n d i t i o n s . One of t h e s e was u l t i m a t e l y 
fo rmula ted a s (91) the o t h e r a s (92 ) . Both compounds showed 
N-NHPh 
(91) 
carbonyl a b s o r p t i o n a t a lmost t h e same valuer--1620 cm . The 
p o s i t i o n of t h e carbonyl band a t 1625 cm i n the i . r . spectrum 
of N-1 i s , t h e r e f o r e , n o t incompat ib le wi th s t r u c t u r e ( 9 0 ) . 
The nmr spectrum ( F i g . 4 l ) shows the NH_ s i n g l e t a t 6 10.27. The 
s i n g l e t of t h e C-2 hydrogen of t h e chromone nucleus a t 6 8 .6 
i s a t r a t h e r a high va lue but t h e resonance of t h i s p ro ton 
should be i n f l u e n c e d to some e x t e n t by t h e mean o r i e n t a t i o n of 
t h e m a g n e t i c a l l y a n i s o t r o p i c s i d e chain a t C-3. There i s no 
s i g n a l which could be a s s i g n e d to the methine hydrogen of 
CH = NNHPh g r o i ^ which acco rd ing to l i t e r a t u r e r e s o n a t e s a t 
6 8 .5 i n the oxime of 5-formylchromone . To check t h i s t h e 
phenylhydrazcne of cinnamaldehyde was p r e p a r e d as i t i s a good 
model compound f o r N-1 . I t s nmr spectrum (F ig .42) shows t h a t 
the C-H = N-NHPh methine resonance i s merged with the a romat ic 
m u l t i p l e t . 
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To achieve the cyclisation of N-1 to a pyrazole it 
was heated for some time in nitrobenzene. The reaction gave 
N-1(C), the mass spectrum of which showed M at m/z 288 
(Fig. 43). Its i. r. spectrum (Fig. 44) displayed the chromone 
carbonyl at 1640 cm which is close to the standard value. 
The nmr spectrum (Fig. 45) also is in harmony with the presence 
of chromone and pyrazole moieties in the compound. Thus the 
singlet of the C-2 proton in (93) is observed at 6 7.9 and the 
double doublet of the C-5 proton is at 6 8.2. The doublet at 
6 6.7 is assigned to the C-4 proton (H ) of the pyrazole ring, 
the chemical shift of the corresponding proton in pyrazole being 
(93) 
59 6 6.46 . The signal of the other pyrazole proton is masked 
by the aromatic multiplet between 6 7.3 - 8.4. 
The pyrazolo chromone (93) is an interesting addition 
to the series of 3-substituted chromones such as isoflavones, 
homoisoflavones, pterocarpanes etc. and in view of the pharma-
cological properties of chromones and pyrazoles may possess 
medicinal value. 
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In a separate reaction (72) was treated with excess 
phenylhydrazine to see if the chromone ring is opened by 
excess base. The reaction supplied a product labelled as 
N-l(b). The i. r. spectrum (Fig. 46) of the compound shows 
bands at 3320 and 3750 cm , which can be assigned to OH and 
NH absorption, but is significantly devoid of any band between 
1600-3000 cm . The presence of a carbonyl group is thus 
ruled out. The second phenylhydrazine moiety is, therefore, 
involved in conversion of the chromone nucleus to a pyrazole 
and the compound should thus have structure (9^) arising as 
shown (scheme-12). 
+ PhNHNH. 
OH ^NH-NHPh 
JWHP 
N-NHPh 
"nr^ 
0 HN ~N-H 
I 
Ph 
-NHPh 
PhHNN 
^^:mHPh 
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The mass spectrum (Fig.A7) i s a l s o c o n s i s t e n t with t h i s 
s t r u c t u r e showing fragment i ons a t m/z 77 , 91i 92, 247, 288 
and 361. The peak a t m/z 36I r e p r e s e n t s l o s s of H2O + 1H 
from M*, t h a t a t m/z 288 , t h e l o s s of t h e a n i l i n e moiety 
which shows up a t m/z 92 . The l o s s of C^HZ through cleavage 
of the bond j o i n i n g t h e a romat ic r i n g to t h e p y r a z o l e - n i t r o g e n 
should be f a c i l e and hence t h e s t rong peak a t m/z 77. The 
peak a t m/z 2A-7 may be r a t i o n a l i z e d as shown. The nmr spectrum 
N-NHPh ' 
CH2-CH—N-NHPh 
CH^-CH—N-NHPh + 
1^ -
Ph 
m/z 247 (26) 
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(Fig. 48) shows bes ides the s i n g l e t s a t 6 9.69 and 10.01 
(NH/OH, exchangeable) , a s i n g l e t at 6 8.20 which can be read i ly 
assigned to the pyrazole hydrogen. The region between 6 6 .25 -
7.57 conta ins resonances of i n a l l 17 hydrogens. Since there 
are two mono s u b s t i t u t e d and one d i s u b s t i t u t e d benzene r ings in 
the molecule, the m u l t i p l e t can be ass igned to resonances of 
14 aromatic and 3 o l e f i n i c hydrogens. Of the aromatic hydrogens, 
only the doublet of the C-5 hydrogen of the d i s u b s t i t u t e d benzene 
ring i s c l e a r l y d i s c e r n i b l e a t 6 7.51 and of the o l e f i n i c 
hydrogens only one doublet at 6 6.25 i s c l e a r l y defined. This 
doublet probably represents the H^ resonance as t h i s value i s 
too high f o r -CH=N-N- proton. I t must be emphasised here again 
that i n the 100 MHz spectrum of cinnamaldehyde hydrozone,(Fig. 42) 
resonances of the o l e f i n i c hydrogens and CH=N-N-proton are mergec 
with the aromatic m u l t i p l e t . 
The r e a c t i o n of f^l r^~oxo-4H-1-ben2opyran->-yl]-hexa-3, 5 -d iene-
-2-one , ( 7 6 ) with n i t rogen bases: 
The react ion of (75) with phenylhydrazine gave N-3 which 
showed M"*" a t m/z 330 in the mass spectrum ( F i g . 4 9 ) . Unlike 
(90 ) , the i . r. spectrum ( F i g . 50) of N-3 exhib i ted the carbonyl 
band a t the s t anda rd va lue 1540 cm . The value of the 
molecular weight shown by the mass spectrum (F ig . 49) and 
absence of the a c e t y l carbonyl band i n the i . r . spec t rum(Fig .50) 
i n d i c a t e d t h a t on ly the hydrazone was formed. The nmr spectrum 
(Fig . 51) of N-3 a g r e e s with the s t r u c t u r e ( 9 5 ) showing the C-2 
pro ton s i n g l e t a t 6 8 . I 5 and the m u l t i p l e t of the C-5 p r o t o n 
between 6 8. 33 - 8 .42 . The s i g n a l s of the o l e f j n i c hydrogens 
are Inc luded in the a romat ic m u l t i p l e t between 6 5. 58 - 7 .77 . 
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(95) 
N-NHPh 
Exposure of N-3 to ref luxlng nitrobenzene gave N-3(C) analo-
gous to N-1(C), the product obtained from N-1 and nitrobenzene 
imder ref lux. The 100 MHz nmr spectriom of N-3(C) was very 
poorly resolved and a 400 MHz spectrum (Fig. 52) was, therefore , 
obtained. I t shows c l e a r l y the doublets of the C-5 proton a t 
6 8.26 and H a t 6 6.88 (J=14,5 Hz) respec t ive ly . The s ing le t s 
— a. 
of the C-2 proton and H are located at 6 8.02 and 6 6.48. 
^ —c 
Combining these assignments one arrives at structure(96) 
for N-3(C). The ready dehydrogenation of the intermediate (95) 
(96) 
to (96) is favoured by the extended conjugation and aromaticity 
in the resulting molecule. An attempt was made to obtain (97), 
the initial cyclisation product of the reaction. To this end 
111 
in 
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(76) was reacted with phenylhydrazine hydrochloride in 
ethanol. The reaction gave two products, the one formed in 
larger amounts was identical with N-3(C), the other was 
identified as (97) on the basis of its spectral data. 
Thus its i. r. spectrum (Fig, 53) clearly shows the chromone 
carbonyl band at 1640 cm"''. The nmr spectrum (Fig. 54) shows 
the singlet and double doublet of the C-2 and C-5 protons at 
6 8.55 and 8.09 respectively. Of the olefinic protons of the 
side chain H, , the proton adjacent to the pyrazole ring, gives 
rise to a double doublet which is discernible at 6 6.85, the 
doublet of H is at 6 6.5, almost exactly the value it has in 
the spectrum of (96). The multiplet of He is at 6 4.75 whereas 
the two methylene protons (H^ and H ) are represented by the 
multiplets at 6 3.32 and 2.69. 
The singlet of the chromone olefinic proton i.e. the 
C-2 proton is almost 0.5 ppm downfield from its position in the 
spectrum of (96). This is probably due to the change of solvent 
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from CDCl, to mSO. The mass spectrum (Fig. 55) of (97) shows 
ions corresponding to the fragmentation pattern shown below. 
H 
T-
H 
4-
C. 
y m/z 51 
0 
m/z 120 (10) 
-CO 
m/% 91(90) 
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H -
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The reaction of (76) with excess phenylhydrazine gave results 
analogous to the reaction of this reagent with (72). Structure 
(98) for the compound N-4 is based on M* at nj/z 420 in its 
mass spectrum (Fig. 56). The i. r. spectrum (Fig. 57) is devoid 
of carbonyl absorption. 
N-NHPh 
In the 100 MHz spectrum (Fig. 58) the olefinic hydrogens form 
part of the extended aromatic multiplet between 6 6. 13 - 7.35 
but singlets of the OH^  and NH_ protons (exchangeable) are 
observed at 6 9.66 and 9.16. The singlet of the lone proton 
of the pyrazole ring is discernible at 6 8, 12. 
When heated with nitrobenzene, N-4 behaved in the same 
way as other compounds of the series and gave the cyclisation 
product N-4(C), (99). N-4(C) shows M at m/z 418 in its mass 
spectrum (Fig.59) which, except for the base peak at m/z 77 
is devoid of any other abundant fragment. In the nmr spectrum 
(Fig.60) the singlets of the two pyrazole hydrogens are at 
6 8.04 (ring A proton) and 6.36 (ring B proton). The broad 
singlet of the phenolic hydrogen appears at 6 9.72 but it is 
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difficult to make assignments of other signals in this region 
as the 100 MHz spectrum is not clearly resolved and a 300 MHz 
spectrum could not so far be obtained. 
^^Ph(OH) 
(99) 
Another set of reactions which appeared feasible with the 
isolation of (77) was its oxidation to the ketone(lOO) followed 
by dehydrogenation to (101). 
(100) (101) 
Lactone (101) was of interest because it could be subjected to 
Diels Alder condensation with e.g. furan (102) to give the 
furanoxanthone, (104) scheme-lA. 
125 
(101) (102) 
-CO. 
- > -
Scheme-1A (104) 
A s i m i l a r sequence of r e a c t i o n s with d ihydropyran (103) should 
g ive (105) which can be f u r t h e r modified through dehydrogena-
t i o n and o x i d a t i o n . 
(103) 
-CO-
^ -
(105) 
126 
The projected synthesis could not, however, be pursued as 
(77) could not be oxidised to the ketone (IOO). A number 
of procedures involving different oxidising agents e. g. 
CrO^- under different conditions^^'^'"'^^, DMS0/(C0Cl)2^»^^ 
were attempted but conditions under which further decompo-
sition was avoided invariably returned the starting material. 
With nitrobenzene at elevated temperatures (77) gave 
106. 
(106) 
The ident if icat ion of (106) i s based on i t s spectral data 
specially the methylene singlet at 6 5.22 in the nmr spectrum. 
Further work on i t s possible transformations is underway at 
present. 
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Chemical c o n s t i t u e n t s of Desroodlum sequax : 
Desmodium sequax ( leguminoceae) was i n v e s t i g a t e d e a r l i e r 
i n t h i s l a b o r a t o r y b u t no c r y s t a l l i n e con5)ound could be i s o l a t e d 
from i t , though t i c showed t h e p re sence of a number of h i g h l y 
f l u o r e s c e n t compounds i n t h e p l a n t e x t r a c t . I n the c o n t e x t of 
the p r e s e n t work an a t t e m p t was made to i s o l a t e and i d e n t i f y these 
compounds through more e x h a u s t i v e chromatography. Attempts to 
s e p a r a t e t h e components th rough p r e p a r a t i v e t i c d id no t succeed 
as the RF va lues of t h e c o n s t i t u e n t s were too c l o s e . Recourse 
was then t aken to column chromatography to e f f e c t as much r e s o -
l u t i o n of t h e mixture as p o s s i b l e . This l e d to i s o l a t i o n of a 
number of p roduc t s i n smal l amounts which were then p u r i f i e d through 
r e p e a t e d c r y s t a l l i z a t i o n . I n a l l seven compounds were i s o l a t e d 
i n t h i s way which were l a b e l l e d as DS-1, DS-2, DS-3, DS-4, DS-5, 
DS-6 and DS-7. 
Sample code m.p . 'C 
DS-1 160 
DS-2 156-8 
DS-3 138-40 
DS-4 192-200 
DS-5 178-80 
DS-6 204-206 
DS-7 256-60 
Al l except DS-3 t u r n e d ou t to be f l avono ids of known 
s t r u c t u r e . The s t r u c t u r e s were i n f e r r e d through a n a l y s i s of t h e i r 
nmr and mass s p e c t r a which a r e d i scussed i n t h i s chap te r . The 
s p e c t r a l c h a r a c t e r i s t i c s of DS-2 i n d i c a t e d i t to be e i t h e r a 
t e rpene o r s t e r o l - t h e low mel t ing p o i n t f avour ing the l a t t e r 
p o s s i b i l i t y . Owing to p a u c i t y of m a t e r i a l in hand and the d i f f i -
c u l t y i n c o l l e c t i n g e x h a u s t i v e s p e c t r a l da t a , i t s s t r u c t u r e could 
no t be so f a r e l u c i d a t e d . 
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General procedure for extraction and Isolation; 
The plant material was extracted with solvents of 
increasing polarity. Purification was effected by column 
chromatography over silica gel (60-120 mesh). A number of 
colour reactions have been reported in literature for detect-
ing particular structural features. The more commonly used 
colour reactions are Shinoda's test (Mg/HCl) for flavones 
and emerald green colour with gallic acid and sulfuric acid 
for the methylenedioxy group. Starting from larger amounts 
of the plant material and employing exhaustive column chroma-
tography six crystalline compounds were isolated. These were 
DS-1, DS-3, DS-4, DS-5, DS-6 and DS-7. 
DS-1 : 
The i. r. spectrxom (Fig.61) shows pronoxxnced absorption 
at 1635, 1625 and 1605 cm indicating the presence of a 
chromone moiety in the molecule. 
The nmr spectrum (Fig.62) shows a 3H singlet of the 
methoxyl methyl at 6 3.9. The aromatic region of the spectrum 
clearly establishes the presence of a benzofuran moiety by 
meta coupled doublets at 6 7.2 and 7.75 (J = 2Hz) and an ortho 
coupled doublet at 6 8.2(J=9.5 Hz). The compound is thus 
identified as a furoflavonoid and the 6H multiplet between 
6 7.4-8.1 can be attributed to the protons of ring B and C-6 
proton in the molecule. Combining these features one arrives 
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132 
at s t ruc ture (107) for the compound which i s in complete accord 
(107) 
with the mass spectrum (Fig .63) . This shows however M a t m/z 
291 (base peak) ra ther than a t m/z 292, the required value. The 
m/z 291 peak created i n i t i a l l y much confusion as owing to the 
odd value of M"*"* , the compound was mistaken for an alkaloid. 
Reference to l i t e r a t u r e brought out t h a t l o s s of hydrogen from 
+* 45 
the methoxyl group frequently gives r i s e to strong M -1 peak -', 
The subs t i t u t ion shown in (107) i s confirmed by RDA fragments 
a t m/z 160 and 132. The only other prominent peaks in the 
spectrum a r i s e through l o s s of CO from M"*" and the fragment ions. 
The mass spectrum can be analysed as shown in scheme-15. (107) 
46 i s i den t i ca l with t ha t of Karanjin which was i so la ted e a r l i e r 
from Pongamia glabra. 
RDA 
Cleavage 
-^ 
(107) 
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H-
- C O 
^0CH3 
m/2(132) 
m/z (105) 
DS-3 : 
m/z (132) 
Scheme-1 5 
Lanceolatin B(108) is a member of the comparatively 
rare group of furoflavones. The Identity of the compound, m.p, 
138-A0»C with lanceolatin B was not initially apparent due to 
the ambiguous mass spectrum of the compoxind which indicates 
M'*'*at m/z 420, The high mass value suggested a dimeric struc-
ture but the low melting point is not compatible with that, so 
the dimeric structure was ruled out and the peak at m/z 262 was 
selected as M . Since this is the mass of lanceolatin B with 
which the melting point agreed, further identification was made 
through direct comparison with the nmr spectrum of the 
47 lanceolatin B . 
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The most confusing feature of the nmr spectrum(Fig.64) 
as far as the identification of this compound is concerned, is 
the downfield signal at 6 6.8 for the C-5 proton. The resonance 
of this proton usually occurs at 6 6.4 and is fairly constant 
at this value, not usually subjected to any marked dependence 
on the substitution pattern in the two aromatic rings. Two 
multiplets integrating for two and four protons fall between 
6 7.95-7.99 and 6 7.55-7.59. The doublet (J«9.16 Hz) of the 
C-5 proton is discernible at 6 8.17 but the doublet of the 
adjacent C-6 proton is lost in the multiplet centered between 
6 7.95-7.99. Two other doublets at 6 7.22(J=1.83 Hz) and 
7.78(J=1.84 Hz) are assigned to the a and 3 protons of the 
furan ring. 
(108) 
DS-4 and DS-5 
The chloroform extract was chromatographed over silica 
gel using petrol-chloroform mixture for elution. Concentration 
of eluates supplied two compounds DS-4 and DS-5 which were 
crystallized from benzene-petrol. The i.r. spectra(Fig. 65) of 
both compounds showed carbonyl bands at 1640 and 1625 cm""''. 
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DS-4 showed M**"* at m/z 336 (Fig. 66) and DS-5(Fig.67) at m/z 
366. In the nmr spectra the resonances of a and 3 furanoid 
protons of a benzofuran moiety are clearly defined. The 
molecular weights, carbonyl absorption and presence of the 
benzofuran moiety suggested that both compounds were flavonoid 
in nature. Singlets at higher field in the nmr spectrum 
established that DS-4(Fig. 68) carried a methylenedioxy and a 
methoxy group whereas DS-5 (Fig.69) had a methylenedioxy and 
two methoxy substituents. Since the singlet of the C-3 olefinic 
hydrogen is missing, the most likely structures for the compounds * 
are (109) and (110). The presence of the furan ring can be 
inferred from the doublet (J=8.5 Hz) of the peri proton which is 
clearly discernible in the nmr spectra of both con5)oimds. The 
coijpling constant of the other two doublets (J=2 Hz) at 6 7.4 and 
(109) 
OCH-
(110) 
7.53 in the spectrum of DS-5 establishes that ring B has the 
substitution shown in (111). The other possibility shown in 
(112) is unlikely on biogenetic grounds. The fragmentation 
pattern in the mass spectra further confirms the distribution 
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of substituents in the two rings. Thus the spectra of DS-4 
has RDA fragments at m/z 161, 160 and that of DS-5 at m/z 175, 
160. 
DS-6 : 
Elution of the column with chloroform petrol mixture 
gave a white solid which was crystallized from chloroform/ 
petrol. Its i. r. spectrum shows two sharp bands in the carbo-
nyl region, indicating the presence of a chromone moiety in the 
molecule. The nmr spectrum (Fig.70) reveals three methoxyl 
methyl singlets between 6 3.8-4.0 and one methylenedioxy group 
at 6 6.1. The doublet of the C-5H is clearly indicated at 
6 8.2 but its counter part appears as double doublet at 6 6.9 
due to ortho and raeta coupling with C-5 and C-8 protons. Since 
the singlet of the C-3 proton is missing, one arrives at 
structure (113) 50 
The third methoxy group is located at the C-5' position 
as the spectrum shows meta coupled doublets at 6 7.32 and 7.44 
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HXO f' 
r a t h e r t han two 1H s i n g l e t s which would be the case i f t h e 
OMe group was a t C -6 ' . F u r t h e r suppor t f o r (113) i s p rov ided 
by t h e mass spectrum (F ig .71 ) which shows M a t m/z 356. The 
RDA f ragmen ta t ion l e a d s to t h e fragments a t m/z 176 and 150. 
DS-7 : 
Further elution of the column with chloroform-petrol 
mixture afforded another compound as yellowish brown flakes. 
The i. r. spectrum shows a prominent band at 1630 cm arising 
from a chromone moiety in the molecule. The nmr spectrum 
(Fig.72) offers direct evidence for the flavonoid nature of 
the compound owing to the presence of the diagnostic singlet 
of the C-3 olefinic hydrogen. The presence of the benzofuran 
moiety is inferred from two ortho coupled doublets (J=8. 5 Hz) 
of C-5 and C-6 protons at 6 8.2 and 7.5. The singlets at 64.0 
and 6. 1 show one methoxy group and one methylenedioxy group in 
the molecule. The position cf the methoxy group at 5' position 
is established by a sharp singlet integrating for two protons 
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at 6 7.15. These facts suggest structure (114) for this 
compoiaid^ ''. Further confirmation for (114) is provided by 
P ' ^ 
OCH. 
the mass spectrum (Fig. 73) indicating M at m/z 336. The 
RDA fragmentation of the molecule leads to the fragment ions 
at m/z 176 and 160. 
Synthesis of Welghtianone : 
A prenylated xanthone having the molecular formula 
C^QH-I.OC- was isolated from C. zeylanipum by Ceylonese workers 
CO 
who assigned structure (115) to it . Subsequently a xanthone 
of the same molecular formula and structural features was 
isolated from Calophyllum weightianum in this laboratory as a 
53 
clathrate . Later the identity of the two compounds was 
confirmed through direct comparison. The structure assigned 
to the xanthone by Ceylonese workers appeared unlikely in view 
of the fact that most naturally occurring tetrahydroxanthones 
are analogous to (116). Certain spectral features also fitted 
(116) better than (115). Interest was, therefore, focused on 
1A9 
(115) R' = R= CH2-CH=C^ 
/ 3 
CH. 
/ 3 
(116) R'=R= CH^-CH=C^ 
CH 
(116a) R= CH2-CH=CH2,R'=H 
an lonambigBous synthesis of this compound. The task is 
difficult owing to the crowding of substituents in the 
molecule and some preliminary work was, therefore, necessary. 
In this context it seemed advisable to sjmthesise first the 
model compounds (117) and (118). The tetrahydroxanthone(119) 
54 has been synthesised by Pacquette by application of the 
enamine synthesis as shown in scheme-l6. 
(118) 
150 
(123) 
(119) Scheme-16 
This approach is, however, not applicable to the 
monoenamine (124) derived from cyclohexane 1,3-dione as it 
would, in all probability, aromatise during oxidation if 
not earlier. Otherwise also the preparation of (124) is 
problematic because of the possibility of further conden-
sation during the formation reaction. 
NR3 ^ 
(124) (125) 
151 
HO (125) 
Scheme-17 
A d i f fe ren t approach was, therefore , ca l l ed for and r ing 
expansion of the spirocoumaranone (128) appeared promising 
in t h i s connection. 
H^  
(128) 
TiCl, 
(117) 
152 
The acid catalysed ring expansion normally results in migra-
tion of the carbonyl group and wovild give (118) but with 
metal catalysts e.g. TiCl, the possibility of getting (117) 
can not be ruled out. The model compound (118), however, 
is also interesting as its availability would do away with 
the need for computing the benzene induced shifts from the 
values for tetrahydroxanthone and cyclohexanone. The synthesis 
of the spiran (129) could,theoretically,be achieved through 
coupling of the coumaranone (130) with methoxyethynyl ketone 
(131) but this compound is not commercially available and 
its instability is also a problematic factor. 
OCH. 
R'OC-
R (131) 
(129) 
153 
Another p o s s i b l e s t a r t i n g m a t e r i a l f o r t h e s y n t h e s i s of (128) 
i s 3-formylcoumaranone (132) which shoiold supply t h e s p i r a n 
(128) i n t h e r e a c t i o n wi th methyl v iny l ke tone (133) through 
a combinat ion of Michael a d d i t i o n and a l d o l condensa t ion 
(scheme-18) . 
Base 
CHO 
+ :0 
(133) 
-H2O 
• ^ -
Scheme-18 
The aldehyde (132) was r e p o r t e d l y p repa red by a French group' ' 
from (13^) which was o b t a i n e d by hypobromous a c i d a d d i t i o n to 
chromone (78) . 
(78) 
NBS/DMSO 
H20 
(134) 
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Treatment of (134) with sodium e thox ide r e p o r t e d l y gave (132) 
through rea r rangement i n good y i e l d . 
OH ^ . 
NaOEt 
CHO 
In our hands this last reaction resulted in the 
formation of inseparable mixtures. Other bases and milder 
conditions also failed to bring about the transformation. 
It is also surprising that (134) should survive in the 
ethoxide catalysed reaction as claimed and not decompose or 
condense further. After many efforts this approach was given 
lip and the possibility of condensing (135) with (136) is now 
under study. 
OCH. H2C: CH2 
0 
(136) 
During the course of this work the synthesis of the starting 
materials (135) and (136) was studied. 
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S y n t h e s i s of (135) : 
Reference to l i t e r a t u r e on t h e s y n t h e s i s of t r imethoxy 
57 58 5Q 60 
benzoyl c h l o r i d e r e v e a l e d t h a t whereas 2,3,A-'^' '^ and 3»A,5 * 
t r ime thoxy benzoyl c h l o r i d e s (137, 138) have been p r e p a r e d by 
the r e a c t i o n of t h e co r r e spond ing a c i d s wi th phosphorous p e n t a -
c h l o r i d e (PClc) t h e r e q u i r e d 2 , 4 , 6 - t r i m e t h o x y benzoyl c h l o r i d e 
(139) has a p p a r e n t l y n o t been p repa red . This seemed to sugges t 
t h a t t he r e a c t i o n i s n o t p o s s i b l e i n t h i s ca se owing to crowding 
of t h e s u b s t i t u e n t s . To check t h i s , 2 , 4 , 6 - t r i m e t h o x y benzoic 
a c i d (140) was t r e a t e d wi th t h i o n y l c h l o r i d e . A v igorous endo-
thermic r e a c t i o n s e t i n w i th e v o l u t i o n of s u l f u r d iox ide gas . 
A dark brown s o l i d r e s u l t e d a f t e r t h e e v o l u t i o n of s ia l furdioxide 
had ceased . To f i n d ou t i t s n a t u r e i t was t r e a t e d with methanol. 
Tic showed t h a t t h e major p r o d u c t 2 , 4 , 6 - t r i m e t h o x y methyl 
benzoate (141) was accompanied by ano the r compound v^ich was 
l a t e r i d e n t i f i e d as p h l o r o g l u c i n o l t r i m e t h y l e t h e r (142) . Since 
the c h l o r i d e (139) i s n o t s o l u b l e i n cold hexane i t was s e p a r a t e d 
from t h e r e a c t i o n mix ture by d i g e s t i n g t h e s o l i d with petrolexim 
e t h e r and then c r y s t a l l i s i n g t h e r e s i d u e from benzene. The 
c h l o r i d e i s ext remely s e n s i t i v e to mois ture and i t s m e l t i n g 
p o i n t was, t h e r e f o r e , n o t t aken . The r e q u i r e d ac id (140) was 
p repa red i n t h r e e s t e p s (scheme-19) s t a r t i n g with p h l o r o g l u c i n o l 
(143) . This was conver t ed t o p h l o r o g l u c i n o l ca rboxy l i c a c i d 
(144) by t r e a t m e n t with po tas s ium b i c a r b o n a t e ^ ' ' ' ^ ^ and t h e 
ac id was then methyla ted under phase t r a n s f e r cond i t i ons us ing 
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OCH. 
(137) (138) 
OCH-
(140) (139) 
OCH. 
(142) 
OCH. 
t e t r a -n -bu ty l ammonium iodide as a phase t r a n s f e r c a t a l y s t . 
This supplied 2-hydroxy-4,5-dimethoxy methyl benzoate (145). 
This was t r ea t ed with methyl iodide over KpCO, in the presence 
of t e t r a - n - b u t y l ammonium iodide to give 2,4,6- tr imethoxy 
methyl benzoate ( l 4 l ) . This was then hydrolysed with 10% 
NaOH to the corresponding acid (140). 
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KHCO. 
(144) 
MepSO,/Benzene " 3 ^ ° 
— ^ -
K2CO, /H^O 
Tetra-n-butyl ammonium 
iodide 
CH^I/KpCO,/Benzene 2 2 _ ^ ^ 
OCH, Tetra-n-butyl ammonium 
^ iod ide 
OCH, 0 
H5CO 
(141) 
(145) 
10% NaQg 
Methanol 
Scheme-19 
Preparation of (136) : 
(140) 
This was prepared f i r s t as a l l y l bromide i s much 
cheaper and readi ly ava i l ab le . The prenyla t ion was f i r s t 
attempted with NaH-DMSO according to the procedure reported 
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by Jordan J . Bloomfield^^ f o r t h e p r e p a r a t i o n of dimethyl 
m a l o n o n i t r i l e and 3 , 3 - d i m e t h y l - 2 , 4 - p e n t a n e d i o n e . The r e a c t i o n , 
however, a lways s u p p l i e d e i t h e r only t h e monoprenylated 
compound o r a mix ture of t h e monoprenylated compound wi th 
o t h e r s of unknown s t r u c t u r e s . When s e v e r a l a t t e m p t s f a i l e d 
p r e n y l a t i o n was a t t empted i n acetone po tass ium ca rbona te . 
This r e a c t i o n i s r e p o r t e d to g ive on ly the raonoalkylated 
compound^^'^^but U c a n a l y s i s of t h e r e a c t i o n mixture showed 
evidence of t h e concomi tan t format ion of t h e d i p r e n y l a t e d 
p r o d u c t ( 1 4 6 ) . Af te r r e f l u x i n g fo r t h r e e days t h e d ip reny l 
compound (146) was t h e on ly p roduc t . I t was i s o l a t e d and 
t r e a t e d wi th po tass ium t e r t - b u t o x i d e and methylene i od ide i n 
t e r t - b u t a n o l . Work up of t h e r e a c t i o n mixture gave the c y c l i c 
d ike tone ( 1 3 6 ) . 
KgCO^ 
CH^CH-CH2~Br 
Acetone 
• ^ H 
K*"OC(CH^)^/CH2l2 
HOC(CH^)^ 
(146) 
(136) 
E X P E R I M E N T A L 
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Exper imenta l 
The m e l t i n g p o i n t s were taken on a Kof l e r block and 
a r e u n c o r r e c t e d . I n f r a r e d s p e c t r a were recorded on N l c o l e t 
5DDCFT-IR and SP-3-100 PYE UNICAM spec t ropho tomete r s . U l t r a -
v o i l e t s p e c t r a i n 95% methanol s o l u t i o n s were measured on a 
PU 8800 PYE UNICAM spec t ropho tomete r . The mass and 100, 300 
MHz NMR s p e c t r a were o b t a i n e d from d i f f e r e n t i n s t i t u t e s i n 
t h e count ry and o u t s i d e . The mass s p e c t r a were u s u a l l y 
measured i n the E . I . mode but where uns t ab l e molecular ions 
were suspec t ed C . I . and F. A. B. s p e c t r a were ob t a ined . The 
mass s p e c t r a were recorded most ly on JMSD 300, the 60 MHz 
H NMR were measured on the depar tmenta l A-60D, the 100 MHz 
''H NMR s p e c t r a were run on VAT 100 and the 300 MHz NMR spec t r a 
were run on Brucker NURONTH 001 . CDCl, was the so lven t fo r 
samples s o l u b l e i n i t o the rwise EMSO-dg o r p o l y s o l was used. 
Chemical s h i f t s a re r e p o r t e d i n 6 va lues r e l a t i v e to IMS. 
Elemental a n a l y s i s were c a r r i e d ou t by Micro A n a l y t i c a l 
Cen t re , C. D .R. I . , Lucknow. 
All the s o l v e n t s and chemicals used were AR grade . 
E thy l o r tho fo rma te , dehyd roace t i c ac id , 2-hydroxyacetophenone, 
phosphorous oxych lo r ide and N,N-diraethylformaraide were obta ined 
from Fluka Chemie and E. Me rck( Germany). 
Moist e t h y l o r thoformate used was o b t a i n e d by shaking 
i t thoroughly i n a s e p a r a t i n g funnel with water . T r i a c e t i c 
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a c i d l a c t o n e and 3-formylchromone were p r epa red accord ing 
fZC Cry 
t o p u b l i s h e d p r o c e d u r e s ; ' 3-acetoacetyl-7-methyl pyrano 
r ^ y 3~t>] p y r a n - 2 , 3-dione (10) was p repa red by t r e a t i n g the 
11 t r i a c e t i c a c i d l a c t o n e with mois t e t h y l or thoformate . 
The r e a c t i o n of (10) wi th a n i l i n e 
Formation of TLN-4(33a/35b), TLN-6(44) and TLN-6(b)(33a/53b) 
To (10) ( 1 . 0 g) i n e t h a n o l (15 ml) was added f r e s h l y 
d i s t i l l e d a n i l i n e (0 .36 ml) and a c e t i c a c i d (4 d rops ) , 
s o l u t i o n r e f l u x e d on wa t e r -ba th f o r 4 h r dur ing which time 
the co lour changed from yellow to dark red . D i lu t i on with 
water and e t h e r e x t r a c t i o n e t c . gave dark brown s t i c k y 
m a t e r i a l c o n s i s t i n g of two major components (TLC) which was 
chromatographed over s i l i c a g e l . E l u t i o n wi th chloroform-
l i g h t pe t ro leum e t h e r (75 :25 , v /v) a f forded a deep yellow 
s o l i d which c r y s t a l l i s e d from benzene-pet roleum e t h e r to give 
TLN-6s2H, 5H-3 -ace toace ty l -7 -me thy l pyrano[4 . 3-bl N-phenyl 
p y r i d l n e - 2 , 5-d ione(44) as yel low f l u o r e s c e n t c r y s t a l s . 
Yield - 100 mg 
m.p. - 198-204«'C 
_Spectral d a t a 
UV(MeOH) ^ . a x .. 260 and 225 nm. 
" ' " ^ " ^ '•"'" •• " 4 0 , 1680, 1600, 1540 o.-\ 
161 
' ' H N M R ( 3 0 0 MHz) : 6 2 . 0 1 (3H, s ,OC -C Hpi 2 . 2 0 ( 3 H , s , 
^ S ° ~ ^ 6 =C-CH^); 6 . 6 4 ( 1 H , s , H - 8 ) ; 6 .81 (1H, 
s ,=CH-C=0); 7 . 3 1 - 7 . 3 5 ( 2 H , m , A i - H , 
H - 3 ' , 5 ' ) » 7 . 4 0 - 7 . 8 5 ( 3 H , m , A i - H , 
H - 2 ' , 4 ' , 5 ' ) ' 8 . 6 l ( l H , s , H - 4 ) . 
i M a s s ( r e l . i n t . ) : m/z 337(M** , 6 2 ) , 3 2 2 ( 1 2 ) , 3 0 9 ( 1 2 ) , 
2 8 0 ( 1 0 0 ) , 2 6 6 ( 1 5 ) , 223(20), 1 9 6 ( 1 8 ) , 
1 6 0 ( 1 4 ) , 1 4 4 ( 1 2 ) , 1 1 8 ( 2 4 ) , 8 5 ( 1 4 ) , 
7 7 ( 5 5 ) . 
( A n a l . C a l c d . f o r C^^H^^NO^ C, 6 7 . 6 5 ' H, 4 . 0 1 , N, 4 . 1 5 
Found : C ^ 6 7 . 9 3 ' H, 4 . 1 3 ' N, 4 . 2 5 ) . 
F u r t h e r e l u t i o n of t h e column w i t h ch lo ro fo rm-pe t ro l eum 
e t h e r ( 8 0 : 2 0 , v / v ) gave T L N - 4 ^ 4 - b e n z l m i n o - 3 - h y d r o x y m e t h l n e - 6 - m e 1 h v l -
p y r a n - 2 - o n e ( 3 5 a / 3 5 h ) which c r y s t a l l i s e d from benzene-petroLeum 
e t h e r a s y e l l o w i s h g r e e n p l a t e s . 
Y i e l d - 400 mg 
m. p . - 185-90»C 
S p e c t r a l Data 
UV(MeOK) ^max : 3 7 0 . 2 , 317 .7 and 2 3 7 . 7 n. m. 
FT-IR(KBr) ^max : 1716 , 1655, 1624, 1597, 1573, 1466, 
1447, 1328, 1313 cm"''. 
HNMR(300 MHz) : 6 2 . 13( 3H, s , =C-CH ) , 5 . 7 0 ( 3 /4 H, s , H-5) 
CDCl^ , , 
3 5 . 7 4 ( 1 / 4 H , s , H - 5 ) , 7 . 2 1 - 7 . 2 9 ( 3H,m, 
1, 
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: Ar-H, H - 2 ' , 4 ' , 6 ' ) , 7.36-7.Al(2H,ra, 
Ar-H, H - 3 ' , 5 ' ) , 8 . 6 5 ( 3 A H,d ,H-7) , 
J=13 .4 Hz), 8 . 8 0 ( 1 / 4 H, d,H-7, J=14.5 
Hz), 11 .65 (1 /4 H, broad d, C-7 OH), 
« 
13.54(3/4H, broad d, C-7 OH) 
''^C NMR(75 MHz) : 6 184 .23 , 180.47, 165. 56. , 165.14, 164. 35, 
^ ^ ^ 3 164.22, 153.94, 152.75, 137.57, 129.88, 
127.00, 118.19, 108.21 , 107.28, 9 8 . 5 8 , 
9 8 . 1 3 , 20 .16 . 
C.I . M a s s ( r e l . i n t . ) : m/z 230(M"^*+l), 229(42) , 183(10), 
146(5) , 117(8) . 
(Anal .Calcd . f o r C^JI^^NO,, C, 6 8 . 1 1 , H, 4.84," N, 6. 1 i ; 
Found ; C, 6 8 . 0 3 ' H, 4 .80 ; N, 6.02).-
E l u t i o n of the column wi th chloroform-petroleum e t h e r 
(85 :15 , v /v) a f fo rded TLN-6(b)^ 1-phenyl-3-hydroxymethine-4-
benz imino-6-methy l -2-pyr idone(53a /53b) which r e c r y s t a l l i s e d 
from benzene pe t ro leum e t h e r as ye l lowish green g ranu les . 
Yield - 60 mg 
m.p. - 160*'C 
Spec t r a l Data 
UV(MeOH) ^max : 371.3 , 316.9, and 231.6 nra. 
IR(Nujol) \^^ : 1660, 1620, 1590, 1565, 1545, I300, 
1270 and 12 20 cm~^ 
163 
1 HNMR(400 MHz) 
CDCl, 
Mass ( re l . i n t . ) 
6 1.94(3H,s,=C-CH^), 2.00(3H,s,=C-CH3), 
5.80(1H,S, H-5), 6 . 3 4 ( l H , s , H - 5 ) , 7 . 2 -
7.60(lOH,m,Ai-H), 8 .88(1H,d,H-7,J=7.5Hz) , 
9 .1^ ( lH ,d ,H-7 , J=7 .5Hz) , 13.13(1H, d, 
broad, C-7 0 - H ) , 14 .22( lH,d , broad, 
C-7 OH). 
m/z 304(M*' ,23) , 256(13) , 227(21) , 211(20), 
159(79) , 142(35), 141(80) , 91(100) and 
77(90) . 
The r e a c t i o n of (10) with phenylhydraz ine 
Formation of TLN-l(57) 
(10) (1 .0 g) was d i s s o l v e d i n e thano l (20 ml) and 
phenylhydraz ine (0.412 ml) added. The p roduc t 3,9-dimethyl-
1H, 6H,7H, 12H-6,12-dihydroxy dipyrano[ 4, 3-b; 4 , 3 - f ] 5,11,N-
a n i l i n o d i a z o c i n - 1 , 7 - d i o n e (57) c r y s t a l l i s e d out as deep 
yellow s h i n i n g need le s . 
Spec t r a l Data 
UV(MeOH) ^raax 
IR(Nujol) ^max 
''H NMR(300 MHz) 
IMSO-d^ 
Yield - 900 mg 
m.p. - 222-25''C 
240, 280 and 390 nm. 
3350,1700, 1650, 1550 cm"'' 
6 2 .19(3H,s , -CH^) , 6. 15( 1H, s ,K-5) , 
6 . 8 0 - 6 . 8 5 ( 3 H , r a , H - 2 ' , 4 ' , 6 ' , A i - H ) , 
7 . 22 -7 .29 (2H,m,H-3 ' , 5 ' ,Ar -H) , 8.10 
( l H , s , H - 7 ) , 10 .19( lH,s ,C-7 OH). 
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''^CNMR(75 MHz) : 6 171.60, 163.58, 162.46, 144.46, 
™SO-dg 141.76, 129.46, 119 .91 , 111.92, 
102.03, 95.90 • 
C.I . n i a s s ( r e l . i n t . ) : m/z 489(100, M'^'+l); 355(12), 273(100) , 
246(100) , 245(100) , 244(100) , 229(20) , 
187(35) , 154(base p e a k ) . 
(Anal .Calcd. f o r 02^2k^k^e' ^ ' ^^•92» H, 4.95i N, 11.47 
Found: C, 64.32i H, 4 . 7 5 , N, 1 1 . 2 9 ) . 
The r e a c t i o n of (10) wi th phenylhydrazine i n g l a c i a l a c e t i c 
ac id : 
Formation of TLN-I(b)(54/55) 
( 1 0 ) ( 1 ' 0 g) was taken i n g l a c i a l a c e t i c ac id (30 ml) 
and r e f luxed on an o i l ba th fo r l / 2 h r . The r e a c t i o n mixture 
added to cold water and the s o l i d which p r e c i p i t a t e d ou t was 
f i l t e r e d , washed s e v e r a l t imes with water , d r i ed and r e c r y s -
t a l l i s e d from benzene-chloroform to give TLN-l (b) 'S-5 ' ,7-
d i m e t h y l - 3 - ( p y r a z o l e - 3 ' - y l ) p y r a n o [ 4 , 3 - b ] p y r a n - 2 , 3 - d i o n e ( 5 4 / 5 5 ) 
as cream coloured g r a n u l e s . 
Yield - 800 rag 
ra.p. - 165-67*C 
Spec t r a l Data 
UV(MeOH) ^max : 370, 292.6 and 2 35.4 nm. 
IR(KBr) ^max : 1760-1720(broad), 1620, I56O, 1540, 
1490, 1450, 1400, 1350 and I3OO cm~^ 
165 
' 'HNMR(100 MHZ) : 6 2. 34(3H, s,CH,, C - 5 ' ) , 2.37(3H, 
s,CH^, C-7), 6. 15 ( lH , s ,H-8 ) , 6.51 
( l H , s , H - 4 ' ) , 7 .24 -7 . 35(5H,ni,Ar-H), 
7 . 6 4 ( l H , s , H - 4 ) . 
M a s s C r e l . i n t . ) : m/z 334(M'*"', 73 ) , 333(9), 319(2), 
306(44) , 276(21) , 250(17) , 2 2 t ( l 0 0 ) , 
194(13), 153(12) , 77(22) and 42(45). 
The r e a c t i o n of 3-bromo-4-hydroxyc.oumarln . with 3-formyl-
chromone. 
Formation of (65) 
3-Bromo-4-hydroxycoumarin(1. 38 g) 'was d i s so lved In 
e thano l (20 ml) and p y r i d i n e ( 0 . 0 3 ml) added to t h i s s o l u t i o n 
followed by 3-forniylchromone(l.O g ) . The r e s u l t a n t mixture 
was kept ove rn igh t a t room tempera ture and the p roduc t which 
sepa ra t ed out as feathery f l a k e s , was f i l t e r e d and re c r y s t a -
l l i s e d from chloroform-methanol to give 2 , 3 - d i h y d r o - 2 -
(2-hydroxybenzoyl) -3-(chromone-3-yl) -4H-furof 3,2-C][ 1] benzo-
pyran -4 -one (65) . The mother l i q u o r was concen t ra ted and 
e x t r a c t e d with e t h e r . The e t h e r e a l l a y e r was washed seve ra l 
t imes with water i n o r d e r to ge t r i d of p y r i d i n e , d r i e d over 
anhydrous sodium s u l f a t e and evapora ted . C r y s t a l l i s a t i o n of 
the res idue with chloroform-methanol afforded more (65) . 
Yie ld - 0 .9 g 
m.p. - > 260«C 
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Spec t r a l Data 
UV(MeOH) ^max : 246 .7 , 252.5 and 221.5 nm. 
IR(KBr) ^max : 1710, 1650, 1635, 1570, 1500, 
1470 and 1420 cm"''. 
' 'HNMR(100 MHz) : 6 5.75(1H, d,-CH-CH-, J=5.371 Hz), 
^ 2 ° ~ ^ 6 6.80(1H,d, 0=CH-0-, J=5. 371 Hz), 
6 .85-7 . 16(12H, m, Ar-H), 7.51(1H, 
s, H-2). 
M a s s ( r e l . i n t . ) : m/z 452(M"' ' ,2) , 434(5) , 332(22), 
331(100) and 121(32). 
React ion of 3-bromo-4-hydroxycoumarin with P 0 C 1 , / E M F . 
Fonnation of AM-3(70) 
P0C1^(7.0 ml) was added with s t i r r i n g to EMF(100 ml) 
a t 4" . Af te r 30 min. , 3-bromo-4-hydroxycoumarin( 1.0 g) was 
added, and the r e a c t i o n mixture s t i r r e d a t 35** fo r l /2 h r and 
poured i n t o KpCO^ s o l u t i o n . The yellow s o l i d which separa ted 
was c r y s t a l l i s e d from benzene to give 4-chloro-3-formylcouraarin 
(69) (54%, 400 mg). Concent ra t ion of the mother l i q u o r afforded 
AM-3 = bismethine [ 1] benzopyran-2, 4-dione e the r (70) as white 
f l a k e s . 
Yield - 300 mg 
m.p. - > 260''C 
Spec t r a l Data 
UV(MeOH) '^ max : 385.6, 268.9 and 218.2 nm. 
IR(KBr) "^ max : 1740, 1720, 1640, 1600, 1570,1490, 
1450 cm~\ 
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' 'HNMR(300 MHZ) : 6 7 . 0 ( 2 H , s ) , 7, 39-7. 45(4H,m, Ar-H), 
^^^'"^6 7 .69-7.75(2H,m,Ar-H), 7 .79-7 .82 
(2H, dd,Ar-H); 
M a s s ( r e l . i n t . ) : m/z 362(M*, 46 ) , 335(66), 306(18), 
242(10) , 214(12) , 186(10), 173(60), 
146(20), 145(18) , 121(100), 120(40) 
and 92(44) . 
(Found: C, 65.6i H, 2 . 9 . C2QH^Q0y r e q u i r e s C, 66.3* H, 2.8%). 
The r e a c t i o n of 3-formylchroinone with e thy l v iny l e t h e r . 
Formation of 3-e thoxy-10-oxo-4 ,4a-dihydro-3H, 10H-[ 1] 
benzopyrano[2, 3-d]pyran (71) 
3-formylchroinone ( 0 . 5 gm, 1 mole) was d i s so lved in 
dry benzene (30 ml) and e t h y l v iny l e t h e r (0 .54 ml, 2 moles) 
added to i t . The r e a c t i o n mixture was hea ted on a water^bath 
(70-80*C) fo r 24 h r s . I t was concen t ra t ed and allowed to 
s tand a t room tempera ture when the adduct (71) c r y s t a l l i s e d 
out as white n e e d l e s . 
Yield : 600 mg 
m.p. : 174-76^0 
Spec t r a l Data 
UV(NeOH) '"ax : 340, 280 and 220 nm. 
IR(KBr) "Vmax : 167O, 1605, 1460, 1385, 1370, 
1330, 12 25 and 1150 cm"''. 
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' 'HNMR(60 MHZ) 
CDCl, 
M a s s ( r e l . i n t . ) 
: 6 1.25(3H,t,-0-CH2-CH^), 2.50(2H, 
m, -CH-CH2-CH-), 3.88(2H,m, 
-0-CH2-CHj), 5.20(2H,m,-CH-CH2-
CH-), 7.50(1H, i l l - d e f i n e d d, 
=CH-0), 6.80-7.45(3H,m,Ar-H), 
7.88(1H, dd, H-9). 
: ra/z 246(M"^*,12), 218(31) , 201(18) , 
190(12), 146(31) , 121(50), 92(30) 
and 72(100) . 
Formation of FD-3(77) 
( 7 1 ) ( 1 . 0 g) was taken in acetone (40 ml) , d i l u t e d 
with water (20 ml) and H^SO, (49%, 2 ml) added dropwise with 
s t i r r i n g . The r e a c t i o n mixture was s t i r r e d a t room tempera-
ture fo r about 5 h r s . I t was f i l t e r e d and the f i l t r a t e 
t r e a t e d with cold wate r (10 ml). The s o l i d ma te r i a l obta ined , 
was f i l t e r e d off, washed t h r i c e with cold water and d r i ed . 
The crude produc t was c r y s t a l l i s e d from benzene-chloroform to 
af ford FD-5 = 3-hydroxy-10-oxo-4,4a-dihydro-3H, 10H[1] 
benzopyran[2, 3-d]pyran (77) as white f l a k e s . 
Yield 
m.p. 
Spectral Data 
UV(MeOH) ^ max 
IR(NuJol) ^ max 
600 mg 
100-102»C 
340, 290 and 220 nm. 
3300, 1660, 1610, 1585, 1330, 
1210, 1150, 1140 and 910 cm"'', 
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' 'HNMR(60 MHz) : 2.37(2H,m,-CH-CH2-CH), 5.20(1H, 
(CDCI5+ mSO-dg) ^^ O-CH-CH2), 5.60(lH.m,-0-CH-OK), 
7.55(1H, i l l def ined d, -0-CH=), 
6.70-7.45(3H,m,Ar-H), 7.85(1H, dd, 
H-9). 
M a s s ( r e l . i n t . ) : m/z SISCM""* , 12) , 200(7) , 199(20), 
173(^9) , 171(100) , 147(4M, 146(33), 
121(100), 104(20) and 92(44) . 
Formation of FI>-7(106) 
(77) (1 .00 g) was taken in n i t robenzene(25 ml) and 
r e f luxed on an o i l - b a t h f o r 1 h r . The r e a c t i o n mixture was 
chromatographed over s i l i c a gel(60-120 mesh), E lu t i on of 
the column with b e n z e n e - e t h y l a c e t a t e ( 9 0 : 1 0 , v/v) gave FD-7 = 
1H-pyrano[4,3-b][ 1]ben2opyran-10-one (IO6) as sh in ing yellow 
n e e d l e s . 
Yie ld : 600 mg 
m.p. : I96-98OC 
Spec t r a l Data 
UV(MeOH) ^max : 37O, 310. 240 and 220 nm. 
IR(KBr) "^ max : 1715, 1640, I6OO, 1550, 1480, 
1350 and 1250 cm~\ 
^HNMR(60 MHz) ; 5 5.22(2H, s, 0-CH -C) , 6 .39( lH,d , 
CDC1-, 
3 -CH=CH-0-, J=10 Hz), 6 .94-7 .64 
(4H,m,Ar-H ^-CH=CH-0), 7.85(1H, 
dd, H-9). 
170 
Mass ( r e l . i n t . ) : m/z 200(M"^* , 15) , 199(100), 171(38), 
170(84) and 120(12) . 
S y n t h e s i s of FD-6(72) and FI>-6(b) (76) 
(71) ( 2 . 0 g) was d i s s o l v e d i n h o t acetone (50 ml) and 
to the h o t s o l u t i o n H2S0/(50 ml, 49%) added dropwise over a 
p e r i o d of 20 min. The r e a c t i o n mixture was kept a t room 
tempera tu re f o r a n o t h e r 20 min. and t hen added to cold 
wate r (500 ml) . The s o l i d which p r e c i p i t a t e d ou t was 
f i l t e r e d , washed wi th co ld water and d r i e d . The f i l t r a t e 
was e x t r a c t e d wi th chloroform, washed twice with d i s t i l l e d 
water , d r i e d ove r anhydrous sodium s u l f a t e and concen t r a t ed . 
The s o l i d and the c o n c e n t r a t e were combined and sub j ec t ed 
to column chromatography. E l u t i o n of the column with 
e t h y l a c e t a t e - b e n z e n e ( 5 . 0 : 9 5 . 0 , v /v) a f fo rded a yellow s o l i d 
FD-6(b) . I t was re c r y s t a l l i s e d from benzene to g ive [6] 
[ 4-oxo-4H-1-benzopyran-5-yl ] -hexa-3 , 5-^diene-2-one (76) as 
s h i n i n g yel low n e e d l e s . 
Yield ; 700 mg 
m.p. : 185-88<»C 
S p e c t r a l Data 
UV(MeOH) ^max : 310 and 2 30 nm. 
IR(KBr) ^max : 1645, 1660, 1600, 1550, 1460 and 
1260 cm"'' • 0 
1 / X * • II 
'HNMRdOO MHz) : 6 2. 30( 3H, s, — C-CH^), 6. 22( 1H, d, 
^ ^ ^ 3 Ma)' 6 .67 ( lH ,d ,Hd) , 7. 0 -7 .75 (5H ' , m, 
Al^H+H^. H^), 8 .05(1H,s ,H-2) , 
8.20(1H, dd, H-5). 
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Mass(rel . i n t . ) : ra/z 240(M-'* ,70) , 225(8), 211(3), 
196(100), 170(3) and 120(12). 
Fur ther e lu t ion of the column using the same solvent mixture 
afforded FD-6 as co lour less granules. I t was r e c r y s t a l l i s e d 
from benzene to give (E)^g-(4-oxo-4H-1-benzopyran-3-yl)-
ac ro le in (72) . 
Yield - 500 mg 
m.p. - 154-56<'C 
Spectral Data 
UV(MeOH) ^ max : 290, 270 and 240 nm. 
IR(KBr) ^max : 1665, 1650, 1615, 1560, 1470, 1415, 
1400, 1350 and I3IO cm~\ 
''HNMR(100 MHz) : 6 7.20-7.80 (5H,m,Ar-H + ^ olefinic) 
CDCl 3 8.25(1H,s, H-2), 8.45(1H, dd, H-5), 
9.60(1H, t,-C-H) 
Mass(rel. int.) : m/z 200(1^ "^ * ,2), 17l(l5), 170(100), 
145(1), 120(3), 114(8), 92(2),91(8), 
64(5) and 51(7). 
The reaction of (72) with phenylhydrazine. 
Formation of N-1 (90). 
(72) (0.2 g) was dissolved in ethanol (30 ml) and 
g lac i a l a ce t i c acid (0.05 ml) added to i t followed by 
phenylhydrazine(0.108 ml, 1.0 mole). The react ion mixture 
was kept on a bo i l ing water-bath for 5 min. and then allowed 
172 
to stand a t room temperature. On cooling deep yellov/ shining 
needles c r y s t a l l i s e d out from the reac t ion mixture as N-1 ^ 
(4-oxo-4H-1-benzopyran->-yl)-acrolein phenylhydrazone(90). 
The c r y s t a l s were f i l t e r e d off, washed th r i ce with ethanol and 
dr ied . 
Yield : 150 mg 
m.p. : 220-22"C 
Spectral Data 
UV(MeOH) ^max : 360, 290 and 250 nm. 
IR(KBr) ^max : 1625, 1600, 1570, 1530, 1500, 1470, 
1355 and 1275 cm"''. 
''HNMR(100 MHZ) I 6 6. 53-7.90( 11H,m, Ar-H and Holefinic) 
^SO-dg 8.19(1H, dd, H-5), 
8.69(1H, s, H-2), 10.27(1H, s,N-H). 
Mass(rel. int.) : m/z 290(M'^ *, 100), 262(30), 211(42), 
198(18), 196(52), 170(42), 145(38), 
120(18), 92(80), 91(32) and 77(42). 
The reac t ion of (72) with excess phenylhydrazine. 
Formation cf N-1(b) (94) . 
(72) (0 .3 g) was dissolved in ethanol (30 ml) and 
g l ac i a l a c e t i c acid (0 .1 ml) and phenylhydrazine (0 .3 ml, 2 moles) 
added. The react ion mixture was refluxed on a boi l ing water^ 
bath for 5 hrs and then allowed to stand a t room temperature. 
On cooling N-1 c r y s t a l l i s e d out as yellow needles(Yield=50 mg). 
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I t was f i l t e r e d off and the f i l t r a t e was concen t r a t ed when 
N_-|(b)= r i - p h e n y l - 5 - ( 2 - h y d r o x y p h e n y l ) p y r a z o l e - 4 - y l ] - a c r o l e i n 
phenylhydrazone(94) c r y s t a l l i s e d o u t as l i g h t yellow f l a k e s . 
I t was f i l t e r e d off, washed wi th e t h a n o l , d r i e d and r e c r y s t a -
l l i s e d from chloroform-benzene mix ture . The f i l t r a t e was 
aga in c o n c e n t r a t e d and worked vp i n the usua l way to a f fo rd 
more N - l ( b ) . 
Yie ld : 180 mg 
m.p. : 240»C 
S p e c t r a l Data 
UV(MeOH) ^max 
IR(KBr) ^ max 
'HNMR(300 MHZ) 
mso-d^ 
Mass(rel. i n t . ) 
Formation of N-1(C) (93) 
360, 300, 280 and 220 nm. 
3760, 3320, 1600, 1570, 1500, 
1450, 1380 and 1260 cm"''. 
6 6.26(1H, d, H ) , 6 .67 -7 .34 
(15H, m, Ar-H + H^ + CH=N-N-), 
7.56(1H, d, H-5) , 8 . 2 0 ( l H , s , H ^ ) , 
9.69(1H, s, broad, N-H), 10.01 
(1H, s, broad, 0-H). 
m/z 380(M' ' ' ,100) , 361(5) , 288(13) , 
247(26) , 9 2 ( 2 5 ) , 91(25) and 77(55). 
( 9 0 ) ( 0 . 1 g) was t aken in n i t r obenzene (10 ml) and 
r e f luxed on an o i l ba th f o r 5 hr^ TV, 
j .or 5 n r s . The r e a c t i o n mixture was 
chro^atographed e v e . s i l i c a gel and e l u t i . n of t he column with 
b e „ . e n e - e t h y l a c e t a t e (90 : . 0 . v /v) a « o r d e d [ 3] f l - E h e ^ ^ L ^ K a z o l e -
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3-yl]r 1]benzopyran-4-one (93) as co lour less needles. 
Yield : 60 mg 
m.p. : 183*'C 
Spectral Data 
UV(MeOH) '^max 
IR(KBr) ^ max 
"•HNMRCeo MHz) 
CDCl, 
Mass(rel. int.) 
: 300 and 2 ^ nm. 
: 16U0, 1600, 1500, 1A60, 1400 and 
1310 cm"''. 
: 6 6.70(1H, d, Hg^), 7.35-8.35(9H, 
m, Ar-H and H^), 7.90(1H, s •, H-2), 
8.20(1H, dd, H-5). 
: m/z 288(M**,100) , 271(27), 259(29), 
168(70), 120(18), 92(20) and 
77(35). 
The reac t ion of (76) with phenylhydrazine. 
Formation of N-3 (95) and N-4 (98). 
(76)(0 .5 gm) was dissolved in ethanol (30 ml) and 
g lac ia l a ce t i c acid (0.05 ml) and phenylhydrazine (0.337 ml, 
1.5 moles) were added to i t . The r e s u l t a n t mixture was refluxed 
on a bo i l ing water-bath for l /2 hr and then allowed to stand 
a t room temperature. On cooling N-3 =[ 6] (4-oxo--AH-1-benzopyran-
3-yl)-hexa-5,5-diene-2-one-phenylhydrazone (95) c r y s t a l l i s e d 
out from the reac t ion mixture as shining l i g h t yellow needles. 
Yield 
m. p . 
200 mg 
195-96'C 
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S p e c t r a l Data 
UV(MeOH) ^max : 370, 300, 270 and 220 nm. 
IR(KBr) ^max : 1640, 1600, 1555, 1500, 1470 and 
1250 cm"''. 
^HMR (100 MHz) : 6 2.14(3H, s, -N=C-CH^), 6 .58 -7 .77 
CDCI3 (12H, m, Ai-H and H^;!^^^^^^^ ) , 
8.15(1H, s , H-2) , 8 . 3 > 8 . 4 2 ( 1 H , dd, 
H-5) . 
MassCrel . i n t . ) : m/z 330(M'*'\ 18) , 329(75), 233(100) , 
170(10) , 158(8 ) , 120(8) , 118(20) , 
92(28) and 7 6 ( 1 5 ) . 
The mother l i q u o r v a s c o n c e n t r a t e d and k e p t a t room tempera ture 
to give [ 6 ] [ 1 -phenyl -2- (2-hydroxyphenyl ) pyra2o le -3 -y l ] -hexa-3> 
5-d iene-2-one-phenylhydrazone (98) a s deep yellow g r a n u l e s . The 
f i l t r a t e was c o n c e n t r a t e d , worked \xp i n the usual way and 
chroma to graphed over s i l i c a gel (60-120 mesh). E lu t i on of the 
column wi th c h l o r o f o r m - p e t r o l ( 6 0 - 8 0 ) [ 6 0 : 4 0 , v /v] a f forded more 
N-4(98) . 
Yie ld - 200 mg 
m.p. - 195-200«C 
S p e c t r a l Data 
UV(MeOH) ^max : 370, 3OO and 220 nm. 
IR(KBr) max , I6OO, 1500, 1380 and 1245 era"'' 
''HNMR (100 MHz) 
rMSO-d^ 
Mass(rel. int.) 
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6 1.97(3H, s,-N=C-qi^), 6.13-7.35 
(18H, m, Ar-H and H olefinic)^ 
8.12(1H, s), 9.158(1H, s, broad, 
N-H), 9.66(1H, s, broad, 0-H). 
m/z A20(M*\25), 419(79), 328(25), 
327(100), 245(56), 170(15), 91(18) 
and 77(38). 
Format ion of N-3(c) (96) 
( 9 5 ) ( 0 . 4 g) was t aken i n n i t r o b e n z e n e (20 ml) and 
r e f l u x e d on an o i l ba th f o r 1 h r . The r e a c t i o n mixture was 
chroma to graphed over s i l i c a gel and e l u t i o n of the coliJmn with 
b e n z e n e - e t h y l a c e t a t e ( 8 0 : 2 0 , v /v) a f fo rded N - 3 ( C ) = t r a n s [ 1] 
( 4 - o x o - 4 H - 1 - b e n z o p y r a n - 3 - y l ) - [ 2 ] ( 1 - p h e n y l - 3 - m e t h y l p y r a z o l e - 5 - y l ) 
- e t h e n e ( 9 6 ) . I t was r e c r y s t a l l i s e d from benzene-petroleum 
e t h e r mixture as c o l o r l e s s n e e d l e s . 
S p e c t r a l Data 
UV(MeOH) ^max 
IR(KBr) ^max 
Yie ld 
m.p. 
100 mg 
161-620C 
280 and 220 nm 
1620, 1600, 1500, 1340, 1325 and 
1240 cm"''. 
177 
''HNMR (400 MHZ) : 6 2.34(3H, s, CH^), 6.48(1H, s, 
CDCI3 H^), 6.88(1H, d, H_, J=14 .5 Hz), 
7. 38-7. 68(8H, m, Ar-H; 1H, d,H^, 
J=14 .5 Hz), 8.02(1H, s, H-2) , 
8.24(1H, d, J=10.9 Hz, H-5) . 
MassCrel , i n t . ) : m/z 328(M"^\80), 327(48) , 287(70) , 
208(18) , 183(100), 167(25) , 120(25), 
91(15) and 76 (45 ) . 
The r e a c t i o n of (76) wi th phenv lhydraz ine h y d r o c h l o r i d e . 
Formation of N-3 (c ) (96 ) and N-5 ( (97 ) . 
(76) ( 0 . 5 g) was d i s s o l v e d i n e thano l (30 ml) and 
g l a c i a l a c e t i c a c i d ( 0 . 1 ml) and phenylhydraz ine hydroch lo r ide 
(0.502 g, 2 moles) added to i t . The r e a c t i o n mixture was 
r e f luxed on a b o i l i n g wa te r^ha th f o r 4 h r s . I t was concen t r a t ed , 
added t o wate r (50 ml) and e x t r a c t e d with chloroform. I t was 
washed t h r i c e wi th d i s t i l l e d w a t e r , d r i e d over anhydrous sodium 
s u l f a t e and evapora ted . The concen t r a t e was chroma to graphed 
over s i l i c a ge l and e l u t e d with b e n z e n e - e t h y l a c e t a t e mixture i n 
d i f f e r e n t p r o p o r t i o n s . E l a t i o n wi th benzene gave a white s o l i d 
which was re c r y s t a l l i s e d from benzene-petroleum e t h e r a s white 
n e e d l e s (Yie ld = 300 mg). The compound was found to be i d e n t i c a l 
wi th N-3(C) (96) and t h e i d e n t i t y was confirmed by d i r e c t 
comparison (Co t i c , m.p., i . r . and nmr). 
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E l u t i o n of the column wi th b e n z e n e - e t h y l a c e t a t e 
( 9 5 : 5 , v /v ) a f fo rded t r a n s [ 1 ] (4-oxo-AH-1-ben2opyran-3-y l ) -
[2 ] (1 -pheny l -3 - a j e thy l p y r a z o l i n e - 5 - y l ) - e t h e n e (97) a s l i g h t 
yel low s o l i d . I t was re c r y s t a l l i s e d from benzene-petroleum 
e t h e r a s l i g h t yel low n e e d l e s . 
Y ie ld : 120 mg 
m.p. ; 185-88*C 
S p e c t r a l Data 
UV(MeOH) '^ max 
IR(K3r) ^ max 
371.1 and 257 .8 
1640, 1600, 1500, 1470, 1400, 
1250 and 1220 cm"''. 
'HNMR(300 MHZ) 
mso 
M a s s ( r e l . i n t . ) 
6 2.20(3H, s,-CR^), 2.69(1H, dd. 
^—d 
- C 
\ ' '^vic= ^-^^ " ^ ' 
H. 
'^gem=''7'88 Hz), 3.32(1H, dd,-C 
•H 
—e 
'^vic=^-^'7 " ^ ' '^gem=''7-88 Hz), 
4.75(1H, s e x t e t , H^), 6.50(1H, d, 
^ a ' ^ t r a n s = ' ' 5 - 8 7 H z ) , 6 .66-7 .81 
(8H,m,Ai-H; 1H, dd, H^, J=15.87 Hz), 
8.09(1H, d, H-5, J = 7 . 5 H z ) , 8 .55 
(1H, s, H-2) . 
m/z 330(M''*,89), 238(54) , 171(28) , 
159(100), 130(13), 120(10), 118(24), 
91(90) , 77 (40 ) , 51(6) 
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Formation of N-MC) (99) 
( 9 8 ) ( 0 . 2 g) was t aken i n n i t robenzene (10 ml) and 
r e f l u x e d on an o i l ba th f o r l / 2 h r . The r e a c t i o n mixture 
was adsorbed on a column of s i l i c a ge l and e l u t e d with 
b e n z e n e - e t h y l a c e t a t e ( 8 0 : 2 0 ) . Appropr ia t e f r a c t i o n s were 
combined,evaporated and c r y s t a l l i s e d from benzene-petroleum 
e t h e r to a f fo rd N-4(C) = t r a n s [ 1] (1 -phenyl p y r a z o l e - 3 - y ^ [ 2 ] 
(1 -pheny l -3 -me thy l p y r a z o l e - 5 - y l ) - e t h e n e (99) as c o l o r l e s s 
c r y s t a l s . 
Yie ld : 100 mg 
m.p. : 129-30»C 
S p e c t r a l Data 
UV(MeOH) ^max : 310, 260 and 210 nm. 
IR(KBr) ^max : 1600, 1500, 14A0, I36O, 1270 and 
1290 cm"''. 
''HNMR (100 MHz) : 6 2.18(3H, S , - C H J , 6. 36( 1H, S, H^^) , 
^ ^ ^ ° ^ 6 .65-7 .4M16H, m,Ar-H and -CH^=CH^-) 
8.04(1H, s, H^), 9.72(1H, s ,0 -H) . 
M a s s ( r e l . i n t . ) : m/z 418(M**, 87 ) , 417(61), 401(8) , 
323(8) , 9 2 ( 5 ) , 90(15) , 84 (25 ) , 
82(35) and 77(100) . 
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Desmodlum sequax 
Extraction; 
The stem wood( 12 kg) was chopped in to small p ieces 
and exhaust ively ex t rac ted in a soxhlet f i r s t with pe t ro l 
(60-80) and then with chloroform for 10 days. The p e t r o l 
e x t r a c t a f t e r removal of the solvent under reduced pressure 
provided yellowish orange o i l y mass (18 gm), The residue 
was chromatographed on a column of s i l i c a gel using chloro-
form-petrol mixture in varying propor t ions for e lu t ion . The 
compound i so l a t ed was l a b e l l e d as DS-1. 
The chloroform e x t r a c t a f t e r removal of the solvent 
under reduced pressure gave a brownish black gummy residue 
(40.0 gm). The t i c showed several f luorescent con^jounds which 
were a lso present in the p e t r o l e x t r a c t . An attempt was made 
to separate these compounds through prepara t ive t i c but none 
of them could be i s o l a t e d owing to t h e i r very close RF values. 
Ult imately the crude mater ia l was subjected to the column 
chromatography using chloroform-petrol mixtures as e luant . The 
compounds i so la ted , were l a b e l l e d as DS-1, DS-3, DS-4, DS-5, 
DS-5 and DS-7. 
DS-1 
I t was obtained using chloroform-petrol(50: 50, v/v) 
as e luan t , c r y s t a l l i s e d from benzene/petrol to yield t r a n s -
parent white rec tangular c r y s t a l s . I t was iden t i f i ed as 
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Karan j in (107) through comparison with a u t h e n t i c sample 
( m . p . , i . r . , nmr and mass) . 
Y ie ld : 500 mg 
m.p. : leo^C 
S p e c t r a l Data 
UV(MeOH) ^max : 325, 301, 260 and 219 nm. 
IR(Nujol) "^ max : 1635, 1625, 1605, 1570, 1525, 
1410, 1340, 1285, 1225 and 
1160 cm"''. 
''HNMR (60 MHz) : 6 3.9(3H, s,~OCH_^), 7.14(1H, d, 
CDCI3 -0-CH=CH-), 7.75(1H, d,-0-CH=CH-), 
7 .4 -8 .1 (6H, m, Ar^H), 8.2(1H, d, 
J=8 .5 Hz). 
Mass ( r e l . I n t . ) : m/z 292(M"^\70), 291(100) , 273(10) , 
263(12) , 176(5) . 160(52), 145(17), 
132(20) , 105(16) , 89(15) and 77(30), 
PS-3 
Elution of the column with chloroform-petrol(50:50, 
v/v) gave a f rac t ion which on evaporation yielded an orange 
yellow mass (4. Og). The residue was fur ther chromatographed 
over s i l i c a gel using benzene-ethylacetate(98:2, v/v) as eluant . 
Appropriate f rac t ions were combined and evaporated to give a 
so l id which on c r y s t a l l i s a t i o n from benzene yielded cream 
coloured needles. 
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Yield - 75 mg 
m.p. - 138-400C 
The compound was i d e n t i f i e d as l a n c e o l a t i n B (108) 
on comparison (m.m.p . , nmr and mass) wi th an a u t h e n t i c sample. 
Spectral Data 
UV(MeOH) ^max : 370, 292, 260 and 215 nm. 
IR(KBr) ^max : 1655, 1620, 1585, 1540, 1462, 1420, 
1375, 1270, 1152, 1080 and 862 cm~\ 
' 'HNMR(300 MHZ) : 6 6.89(1H, s, H-3), 7.22(1H, , d, 
CDCI3 _0-CH=CH-, J = 1 . 8 4 H 2 ) , 7.78(1K, d, 
-0-CH=CH-, J = 1 . 8 3 Hz), 7 .55 -7 .59 
(4H, m, Ar-H), 7 .95-7.99(2H, m, 
Ar-H), 8.17(1H, d,H-5, J=9. 16 Hz). 
MassCrel . i n t . ) : m/z 262(M*', 100), 234(100) , 205(14) , 
176(24) , 161(100), 160(100), 132(100) 
117(80) , 105(25) , 104(86), 102(A9) 
and 77(46) . 
DS-4 
I t was o b t a i n e d from a mixture of ch lo ro fo rm-pe t ro l 
( 5 0 : 5 0 , v / v ) , c r y s t a l l i s e d from b e n z e n e / p e t r o l to y i e l d off -
white g r a n u l e s . I t was c h a r a c t e r i s e d a s pongapin (109) through 
d i r e c t comparison (Co t i c , m . p . , i . r . , nmr and mass) with an 
a u t h e n t i c sample. 
Yie ld : 100 mg 
m.p. : 192-200*'C 
183 
S p e c t r a l Data 
UV(MeOH) ^max ; 370, 3^0, 315, 245 and 212 nm. 
IR(KBr) "^ max : 16A0, 1625, 1600, 1570, 1500, 
1450, 1415, 1375, 1330, 1290, 
1260, 1215, 1045 and 760 cm"''. 
''HNMR (60 MHZ) ; 6 3.90(3H, s, 0-CH^), 6.l(2H, s, 
^^-^3 -O-CH2-O), 7.20(1H, d,-0-CH=CH-, 
J=2Hz), 7.75(1H, d,-0-CH=CH-, 
J=2Hz), 7.0(1H, d, H-5', J=8.5 Hz), 
7.67-7.85(2H, m, H-2' andH-6'), 
7.5(1H, d, H-6, J=8.5Hz), 8.2(1H, 
d, H-5, J=8.5 Hz). 
Mass (rel.int.) : m/z 336(M**,84), 335(100), 321(12), 
313(14), 307(21), 293(27), 161(25), 
160(44), 146(48) and 77(32). 
PS-5 
I t was also e lu ted with chloroform-petrol(50:50, v /v ) , 
c r y s t a l l i s e d from benzene/petrol to afford white grammes. I t 
was character ized as methoxy pongapin (110) through dj.rect 
comparison with spec t ra l data. 
Yield : 150 mg 
m.p. : 178-80*C 
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S p e c t r a l Data 
UV(MeOH) ^max : 370, 340, 313, 244 and 216 nra. 
IR(KBr) ^max : 1625, 1600, 1570, 1525, 1505, 
1495, 1445, 1415, 1380, 1315, 
1285, 1040, 1020 and 765 cm"''. 
"^ HNMR (60 MHz) ; 6 3.9(3H, s, OCH^), 4.0(3H, s, 
^^-^3 -OCHj, 6. 10(2H, s,-0-qH2-0-), 
7.18(1H, d, -0-CH=OT-, J=2Hz), 
7.78(1H, d, -0-CH=CH-, J=2Hz), 
7.38(lH,d,H-2'), 7. 54(1H, d,H-6'), 
7.50(1H, d, H-6, J=8Hz), 8.2(1H, 
d, H-5, J=8Hz). 
Mass(rel. int.) : m/z 366(M"^ ,' 100), 365(58), 351(33), 
326(57), 325(58), 175(16), 160(17) 
and 77(5). 
DS-6 
I t was o b t a i n e d from ch lo ro fo rm-pe t ro l (60 :40 ) e l u a t e s , 
c r y s t a l l i s e d from b e n z e n e / p e t r o l to g ive Kanujin (113) a s white 
fea thery s o l i d . 
Yie ld : 100 mg 
m.p. : 204-206" C 
S p e c t r a l Data 
UV(MeOH) '^ max : 370, 340, 313 and 216 nm. 
IR(KBr) ^max : 1640, 1620, 1505, 1450, 1395, 1260, 
1210, 1130, 1055, 1015 and 830 cm ^ 
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''HNMR (300 MHz) : 6 3.88(3H, s, -0-CH^), 3.92(3H, 
^^^3 s, -0-CH^), 3.98(3H, s , -0-CH^), 
6.07(2H, s , - 0 - q i 2 - 0 - ) , 8.16(1H, d, 
H-5) , 6.95(1H, dd, H-6), 6.88(1H, 
d, H-8) , 7.30(1H, d, H - 2 ' ) , 7 .44 
(1H, d, H - 6 ' ) . 
M a s s ( r e l . i n t . ) : m/z 356(M**, 67) , 341(37) , 325(24), 
311(15) , 176(5) , 162(7) , 150(20) 
and 63(30) . 
DS-7 
I t was o b t a i n e d from a mixtiore of chloroform and 
p e t r o l ( 7 5 : 2 5 , v / v ) , c r y s t a l l i s e d from benzene to y i e l d bro'Amish 
ye l low f l a k e s and i d e n t i f i e d as g l a b r a - I I (114) . 
Y ie ld : 62 mg 
m.p. : 256-60® C 
S p e c t r a l Data 
UV(MeOH) ^max : 370, 340, 317, 240 and 221 nra. 
IR(KBr) "^max : 163O, 1585, 1505, 1452, 1435, 1400, 
1380, 1352, 1325, 1215, 1172, 1100 
and 1045 cm"''. 
''HNMR (300 MHz) : 6 4.0(3H, s, 0-CH^), 6.10(2H, s, 
-O-CH2-O), 6.76(1H, s, H-3) , 7.18 
(1H, d,-0-CH=CH-), 7.75(1H, d, 
-0-CH=CH-), 7.15(2H, s, H - 2 ' , 6 ' ) , 
CDCl 
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: 7.5M1H, d, H-6, J=9.16 Hz), 8.2 
(1H, d, H-5, J=8.54 Hz). 
Mass(re l . i n t . ) : m/z 336 (M"*"* , 100), 176(80), 
160(24), 131(13) and 77(14). 
Synthesis of 2 ,4 .6- t r ihvdroxybenzoic acid (144): 
Phloroglucinol (15 g) was taken in water(l50 ml) and 
added to i t KHG0,(18.9 g) in por t ions over a period of 35 
minutes a t 70-80*0. I t was ac id i f i ed , and the so l id so 
obtained was f i l t e r e d off, washed, and dr ied . 
Yield : 14.5 g 
m.p. : 205-207*0 
Synthesis of 2-hydroxv-4.6-dimethoxymethyl benzoate (145): 
2 ,4, 6-tr ihydroxybenzoic acid (10 g) was taken in 
water (100 ml) and potassium carbonate (16.2 g, 2 moles), d i -
me thy l su l f ate (11.2 ml, 2 moles), benzene (200 ml) and t e t r a - n -
butyl ammonium iodide (0 .5 g) added. The react ion mixture was 
allowed to s t i r a t room temperature for 24 hrs . I t was worked 
up by separat ing the benzene l aye r from aqueous layer and 
washing twice with water. The benzene e x t r a c t was dried over 
anhydrous sodium su l fa te and concentrated. On cooling 2-hydroxy-
4,6-dimethoxymethyl benzoate (145) c r y s t a l l i s e d out as white 
c r y s t a l l i n e sol id . I t was r e c r y s t a l l i s e d from benzene and 
petroleum e ther as co lour less needles. 
Yield ; 9.5 g 
m.p. : 105-110*0 
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Syn thes i s of 2 ,4.6- tr lmethoxvTDethyl benzoate (141) : 
2-hydroxy-4 ,6-dlmethoxymethyl benzoate (5 g) was 
d i s s o l v e d i n dry benzene (60 ml) and po tass ium carbonate 
( s i n t e r e d a t 200*0, 6 .5 g, 2 moles ) , methyl i o d i d e ( 4 . 4 ml, 
3 moles) and t e t r a - n - b u t y l ammonium i o d i d e were added to i t . 
The r e a c t i o n mixture was reflxjxed wi th s t i r r i n g f o r 5 days . 
I t was f i l t e r e d and r e s i d u e (KpCO,) washed th ree t imes wi th 
benzene. The f i l t r a t e was washed twice with water , d r i e d 
over anhydrous sodium s u l f a t e and concen t r a t ed . The t h i c k 
o i l y m a t e r i a l o b t a i n e d was c r y s t a l l i s e d from p e t r o l ( 6 0 - 8 0 ) 
a t low tempera ture (4"C) to give 2 ,4 ,6 - t r ime thoxymethy l 
benzoate (141) a s cream co loured c r y s t a l l i n e s o l i d . 
Yie ld : 4 g 
m.p. : 58»C 
Hydro lys i s of 2 , 4 , 6 - t r i m e t h o x y m e t h y l benzoate (141) . 
Formation of 2 , 4 , 6 - t r i m e t h o x y b e n 2 o i c a c i d (140) . 
2 , 4 , 6 - t r i m e t h o x y m e t h y l benzoate (2 g) was d i s s o l v e d 
i n methanol (30 ml) and 10% NaOH s o l u t i o n ( 5 ml) added to i t . 
The r e a c t i o n mixture was a l lowed to r e f l u x on a b o i l i n g water^ 
ba th f o r 6 h r s . The format ion of a c i d was checked by t r e a t i n g 
a small amount of the r e a c t i o n p r o d u c t wi th water when no 
p r e c i p i t a t i o n o c c u r r e d . I t was a c i d i f i e d , cooled and f i l t e r e d . 
The s o l i d so o b t a i n e d was r e c r y s t a l l l s e d from benzene /pe t ro l 
to a f fo rd 2 , 4 , 6 - t r l m e t h o x y benzoic ac id (140) as white c r y s t a -
l l i n e n e e d l e s . 
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Yield : 1.6 g 
m.p. : 130*0 
Synthesis of 2,4y6-trlniethoxyben2oyl chloride (l39)t 
2,4,5-triraethoxybenzoic acid (1 .5 g) was taken in a 
50 ml-round bottomed f lask f i t t e d with a drying tube and 
thionyl chloride ( f reshly d i s t i l l e d , 0.789 ml, 1.5 moles) added 
to i t . The react ion mixture vas kept a t room temperature for 
30 min. and the brovm so l id formed in the react ion f lask was 
washed with cold petroleum ether t h r i c e . The sol id was recrys-
t a l l i s e d from benzene to give 2,4,5-trimethoxybenzoyl chloride 
(139) as l i g h t brown so l id . 
Prenylat ion of acetylacetone*. 
Acetylacetone(10 ml) was taken in dry acetone(60 ml) 
and a l l y l bromide (24.6 ml, 2 moles) added to i t followed by 
s intered potassium carbonate (27.6 gm, 2 moles). The react ion 
mixture was refluxed with s t i r r i n g on a hot p la te magnetic 
s t i r r e r for 3 days. After completion of the reaction( checked 
through t i c and f e r r i c chloride reac t ion) , i t was f i l t e r e d and 
the residue (KpCO,) washed thr ice with acetone. The f i l t r a t e 
was evaporated completely under reduce pressure to give the 
colourless o i l ACP=.3, 3-diprenyl-2, 4-pentane-dione(l46) . 
Spectral Data 
IR(Neat) ^max : 1720, 1700, 1640, 1430, I36O, II90 
and 1130 cm~\ 
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''HNMR (100 MHz) : 1.90(6H, s, 0=C-CH^), 2.50(4H, 
^^-^•3 d, -CH2), 4 .80-5.60(6H, m, CH2=CH^ 
Syn thes i s of ACP-1 (156) : 
I n t o a t h r e e necked- f l a sk equipped with a s t i r r e r , 
drying t u b e , N p - i n l e t and a dropping funnel was p l aced dry 
t e r t - b u t a n o l (250 ml) . Af ter sweeping the appa ra tus with dry, 
oxygen f r e e n i t r o g e n , po tass ium metal ( 2 . 2 g, 2 moles) was cut 
i n to small p i e c e s and i n t roduced i n t o the r e a c t i o n f l a s k . The 
r e a c t i o n mixture was s t i r r e d f o r 20 minutes ( c l e a r s o l u t i o n of 
potass ium t e r t butoxide was formed) and then the p r e n y l a t e d 
ketone (5 ml, 1 mole) added dropwise over a p e r i o d of 30 minutes . 
This was followed by the dropwise a d d i t i o n of methylene iodide 
( 2 . 2 3 ml, 1 mole) over a p e r i o d of 10 minutes . Af ter the 
a d d i t i o n was complete, t he r e a c t i o n mixture was s t i r r e d for 
another 90 min. Work up of the r e a c t i o n mixture involved the 
a d d i t i o n of cold water (250 ml) , a c i d i f i c a t i o n and e x t r a c t i o n 
with e t h e r . The e t h e r e a l l a y e r was washed twice with d i s t i l l e d 
water , d r i e d over anhydrous sodium s u l f a t e and evapora ted . The 
l i g h t ye l lowish o i l y r e s i d u e ob ta ined a f t e r complete evapora t ion 
of the s o lven t was chromatographed over s i l i c a ge l . E lu t ion of 
the column with p e t r o l - c h l o r o f o r m ( 7 5 ; 2 5, v/v) afforded ACP-1 = 
2 , 2 -d ip reny l cyc lohexane-1 , 3-dj^ne (I36) as l i g h t c o l o u r l e s s o i l . 
Spec t r a l Data 
UV(MeOH) ^max 
IR(Neat) ^max 
''HNMR (100 MHz) 
^°^^3 5.0-6.2(6H, m, CHo=CH-). 
370 and 351.7 nm. 
1700, 1640, 1A40, I36O and 1100 cmi 
6 2.06-2.94(lOH, m, CH2 and CH2-CH=), 
: 2=CH-
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